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LETfER OF TRANSMITTAL. 



Office of the State Geologist, 
Lansing, Michigan, November 20, 1906. 

To the Honorable, the Board of Geolc^ical Bnrre; of the State of 
Michigan : 

Hon. Fred M. Waroer. President. 

Hon. W. J. McKone. 

Hon. Patrick H. Kelley, Secretary. 

Gentlemen ; — I herewith transmit to you for pnbllcation in yonr report 
for 1906. a series of papers on peat, prepared by C. A. Davis, of Ann 
Arbor. They are the fmit of a happy marria^ce of botany with geology, 
and should not be separated. While on the one hand they are an orig- 
inal and important contribution to the botany of peat and the peat 
producing flora, they are of value in many ways to the geologist, and 
to any one interested in the promotion of legitimate industry. In- 
formation about. peat has been too much left to the one-sided investiga- 
tion of the promoter, who, in his over zeal, may ruin a really desirable 
development by over estimates of the profits and under estimates of the 
cost. 

Prof. Davis has endeavored to make clear, in the following papers, 
some of the facts regarding the peat deposits of Michigan which should 
be of practical value to those who contemplate developing snch deposits 
for commercial purposes. 

Some of the more important of these facts are : 

That peat deposits are quite variable in structure and origin, but 
their structure is primarily dependent upon the form of the land sur- 
face upon which they are found, and the height of the water above this 
while they are being formed. 

That the most important peat deposits and those most likely to be 
of commercial value, are found in depressions, or valleys, which have 
been filled, or partly filled, with peat, through the growth and decay 
of various groups, or associations, of plants, which succeed each other 
in a very definite and orderly manner, according to certain laws of 
plant growth. 

That there are many species of plants concerned in peat formation, 
but of these, the ones growing in the water and a few grass-like plants 
growing slightly above the average level of the water, are much more 
Important than any others. r\-v(inli> 
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Tbat there usually is no relation between peat and the vegetation 
growing upon its surface. The character of the vegetation ia entirely 
governed by certain lawa of plant growth, and primarily by the level 
of the water in the deposit. The surface vegetation generally gives no 
clue to the quality of the peat. 

Tbat Sphagnum moas is not an important plant in peat formation in 
the area under discussion, as it is not present until late in the history 
of tbe development of any class of peat deposits. 

That certain types of peat deposits are of irr^ular structure and 
others are free from irregularity, but only careful study of sections can 
demonstrate tliese facts for given deposits. 

A'erv respectfullv. 

ALFRED C. LAXE. 

State Geologist. 
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ECOLOGY OF PEAT FORMATION IN MICHIGAN. 



Introduction, 

While peat has been commonly used for fuel in northern and western 
Europe from remote antiquity, and its use is atill large and apparently 
increasing in Oermany, Holland, Russia, Denmark and Sweden,* it has 
not been brought to the attention of the people of Michigan until 
rerentiy, that great quantities of this fairly efBcient fuel exist within 
the boundaries of the state, as much as one-seventh of its entire area, 
or about 5,200,000 acres, being estimated as swamp or muck land,' al- 
though not all of this is underlain by peat. The prolonged strike of , 
the hard coal miners in 1902-3, followed by the scarcity and high prices 
of all sorts of fuel, taken in connection with the rapidly disappearing 
forests of tbe state, led to the consideration of all possible sources of 
increasing the available fuel supply, and among these, peat was men- 
tioned and its availability investigated. After some preliminary tests. 
at several places in the state, plants were projected for the purpose of 
putting peat into such form that it could be transported cheaply and 
placed upon tbe market, in competition with other fuel, especially with 
coal. A brief preliminary report upon peat in ^tlichigan. prepared by 
the State Geologist, Mr. Alfred C. Lane, appeared in the Annual Re- 
port of the State Geological Survey for 1902. and to the writer was 
assigned the task of making some more extended investigations into 
the method of peat formation and accumulation, the causes for its 
variations in structure and appearance, and its distribution within the 
state, especially in the Southern Peninsula, and out of these investiga- 
tions the present paper has developed. 

In a discussion having the scope attempted here, certain elementary 
principles must be laid down in order that the position of the writer 
may be clear, especially since the paper is intended for the non-technical 
as well as the technical reader, but such statements will be made as 
brief as is consistent with clearness. 

The Cfipmical Composition of Vegetable Matter. 

All organic matter, whether of animal or vegetable origin, is made 
up principally of three, or, at most four, chemical elements, of which 
one only, carbon, is a solid, the others K'ing gases. Besides these thi'ee 
or four important elements, others, including some of the metallic ele- 
ments, are always present in vegetable matter, but only in small quan- 
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tity. and are grouped together as ash in the analyses and maj be 
neglected as immaterial in the present paper. 

When iincombined, or only partly combined with oxygen, carbon is' 
the most important fuel element, and all forms of fuel have it as a chief 
coDStituettt and arc good or poor, as they have much or little of this 
element is available form in ibem. In vegetable matter, such as wood, 
the leaves and the stems of plants, carbon is associated with two gases, 
hydrogen and oxygen, to form, among others, the complex substances, 
cellulose, or ordinary vegetable fiber (CaHuOj) and lignin, or woody 
fiber {C„HuOj„). Nitrogen, also a gas, is present in small quantities 
in certain vegetable substances, associated with the three elements al- 
ready named. 

In both cellulose and lignin. as will be seen from the chemical formu- 
las, the three elements are built into complicated molecules, having 
many atoms of each, and hence, relatively to the more simple inorganic 
molecules, unstable and easily decomposed. 

Agents of Decomposition of Vegetable Matter. 

When allowed to remain exposed to the air, in the presence of raois- 
,tufe, it is well known that moat forms of vegetable matter rot, and 
finally disappear entirely, and such decay has been described as a form 
of oxidation,* similar to, if not identical with, that which occurs when 
the same sort of material is burned; that is, as a purely chemical 
process. This process is not, however, directly due to the action of the 
air, or any of its gaseous constituents, or to moisture. Perfectly dry 
vegetable matter will keep indefinitely in the air, as is shown by in- 
numerable articles in common use. In like manner, we find that wood 
and similar material of vegetable origin will keep for very long periods 
of time when entirely submerged in water. The decay of vegetable mat- 
ter is really a series of complicated changes, due to the growth and 
development of living organisms in the decaying matter. These use 
part of the material of which the vegetable tissue is composed for their 
own nourishment and growth, and thus break it down into simpler com- 
pounds. The organisms which thus produce decay are mainly plants of 
simple structure, and often of microscopic size, and when they are not 
so small, their lack of color, and their intimate association with the 
tissues in which they grow, render them very inconspicuous. These 
plants are bacteria and fungi, and are aided in briugiug about de- 
composition by many types of animals. 

Like all other plants, these decay-producing forms need both air and 
moisture in order to grow, and, moreover, the moisture must be present 
in proper amount, too much water being as detrimental to their growth 
as too little, and where air is excluded they do not thrive. 

Varying Rate of Action of the Decomposing Agents. 

When the coDflitions are favorable for these plants to grow (that is, 
sufficient moisture, air, and a favorable temperature), they may de- 
velop with great rapidity, and bring about quick and complete reduc- 
tion of vegetable material to simple gaseous compounds, such as car- 
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bon dioxid (CO.), amnionia (XH,), aod water, and the vegetable mat- 
ter as BVich, ceases to exist. Thus, in moist woodlands, even the hardest 
wood Boon becomes rotten, then loses its woody structure entirely, and 
finally vanishes, leaving poseibly a trace of dark soil to show that it 
once existed, but nothing that shows that it was wood. The fallen leaves 
in the forest last much leas time than wood and soon become indistin- 
guishable from the soil of which they become a part. 

If conditions are less favorable the bacteria and fungi do not thrive, 
the decay of wood and leaves goes on more slowly and is less complete, 
BO that in wet woods, where the temperature is low, wood and leaves 
may lie for several or many years with little change, and in dry woods 
snch debris may accumulate nntil a thick layer is formed, only the 
lower parts of which are decomposed. If, because of very unfavorable 
conditions, some kinds of the destructive organismB cannot exist, and 
others are reduced in numbers, a slow and partial decomposition may 
take place, ih which the more easily broken-down compounds of the vege- 
table matter disappear, leaving the more resistant ones almost un- 
changed. In snch cases, the original mechanical form of the affected 
tlBsneB may be entirely lost, while the chemical composition of the 
larger part <tt them is only slightly affected, and such changes as do 
take place go on slowly. 

In some cases, where water containing mineral matter, or certain or- 
ganic matters in solution, ie present in large excesB. chemical changes 
not produced by organiBms may occur and in such 'cases it is natural 
that part of the gaseous elements of the molecules which are under- 
going change, being chemically more active than the solid carbon, and 
more free to move, should separate from the molecule first, and leave 
the carbon associated with smaller proportions of hydrogen and oxygen. 

What Peat Is. 

From the foregoing considerations it is apparent that vegetable mat- 
ter may undergo decomposition under a variety of conditions, dependent 
upon which the amount of change will vary. Some of these conditions 
permit the changes to result finally in complete decay, and in nearly 
complete disappearance of the substances, and others simply allow the 
process to result in the loss of the more easily changed compounds, and 
of the gaseous elements, while the greater part of the material retains 
its original form and mechanical structure. 

Peat, when, examined with a view to determining its origin, will 
usually, even to the unaided eye, show vegetable structure, and fre- 
quently well-preserved plant remains will be found in it in large quan- 
tity. If decay and disintegration have gone so far that the larger jilant 
structures have disappeared, it is still usually possible to identify the 
vegetable tissue-elements, cells, or parts of cells, by the aid of a com- 
pound microscope, 41 is then clearly demonatrable that peat is vege- 
table matter which has become partly decomposed. In the process of 
decay, it has been more or less completely changed chemically, and 
usually mechanically, but in such a way that it still retains a large part 
of the carbon, together with more or less of the other more readily dis- 
sipated volatile matters which wood and other forms of plant structures 
contain. -. . 
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Description of Peat. 

When dry, peat is of a color varying from a light yellowish brown to 
nearly black, and when wet the shades of color are all much deepened, 
the darker ones appearing quite black. It also varies in texture and 
structure from a loosely felted, slightly coherent mass of plant remains 
having low specific gravity, to a compact, structureless material which 
is relatively heavy, quite plastic and sticky when wet, and which dries 
into firm, tough masses. There seems to be, in general, a close rela- 
tionship between the color and texture of different types of peat, the 
lighter colored types being coarser in texture, and approaching ordinary 
dried vegetable litter in appearance, while the darker sorts are nearly 
as structureless as clay. In most deposits of peat which have been un- 
disturbed by human agencies, there is a progressive change in color from 
light to darker shades, and, in texture, from coarse and loose, to fine and 
cqpipact, as the bed is cut through from top to bottom. The chemical 
composition of the different types of peat also varies, as showu by the 
following analyses cited by Bies* from Johnson.^ 

MaterUL Analjst. Carbon. Hj-drogen. Oiygen. Nitrogen, 

Sphasnimi. Webaky 49. SS fl-S4 42.12 1.16 

Peat, porou*, light bromi, Sphajnuni. " 60.86 5,8 42,57 .77 

Peat, porouL led brown, Jaeckel S3. 51 S.D 40. SO 

Peal, heav; brown, " B8.43 a.32 3S 25 

Peat, dark red brown, wdl decomposed. Websky 56,47 6,S2 31, SI 2.51 

Peal, black, very dense and hard, '" 59,7 5,7 33.04 , 1,S8 

Peal, black, heavr, 1 n_. i„i. f...i " 5»-^l 5,2T 32,07 2.69 

Peal, brown, heavy, J "*"'"" '"*'■ " 62,64 6.81 Sa.U 1,41 

From these analyses, which neglect the ash, it is apparent that in 
the denser and darker peats there is a larger amount of carbon and a 
smaller amount of oxygen than in Sphagnum, or in the more porous, 
lighter colored typCB, amounting to from 8 to 12 per cent increase in 
carbon and from S to 12 per cent decrease in oxygen. 

Muck is the name given to dark colored, thoroughly decomposed peats 
in which there is a considerable mixture of mineral matter, but as this 
is very variable in quantity, there is no sharp distinction to be made 
between peat and muck, as all peat contains some mineral matter, 
which appears as ash when the peat is burned. 

In the natural state, peat is always saturated, or nearly saturated, 
with water, except in the uppc;'most layers, and in very dry times. 

Occurrence. 

Peat usually occurs upon gentle slopes, flat areas, and in more or less 
shallow depressions in tlie earth's surface, which have either no direct 
drainage, or are poorly drained, so that the surface is always wet or 
covered by water. In these places are formed eventually the accumula- 
tions known as "bogs." '"marshes," and "swamps," Names for the same 
forms of deposit are "morass."^ "inoor'"' and fen, but these, in America, 
are not common terms, or are not in use. and do not need discussion. 
The first three, however, are used so interchangeably that it may be well 
to define tliein in the sense in which they are used in this paper. The 

> Riea, K., 2lEit teport ot Itie New York State Geolo(l3t. 1901, pp, r. 58. 39. 
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writer has not adopted the use of the German word "moor" as a sub- 
stitute for "bog," because the English word "moor" is already in use 
with a fairly constant meaning, namely, to designate a broad, fiat up- 
land with light soil, covered with grasses and shrubs, and while such 
moors may be more or less covered with peat in some cases, they are not 
generally peat deposits. A bog is an area of wet, porous land, on 
which the soil is made up principally of decayed and decaying veg- 
etable matter, so loosely consolidated, and containing so much water, 
that the surface shakes and trembles as one walks over it. The vegeta- 
tion upon the surface is variable, but it is characteristically either some 
species of moss or of se^^e, or grass, or a combination of two or more 
of these with shrubs and even small trees. This is in part identical with 
Cowles" undrained swamp, and is well illustrated by many examples in 
various parts of the Southern Peninsula, of which Mud Lake, in sec- 
tions 1 and 12. T. 1 B.. R. 5 E., about one and on&half miles west and 
nine miles uortb of Ann Arbor, the south and east border of Half Moon 
Lake, in Gratiot county, in sections 5 and 6, T. 12 N., B. 4 W., and a 
bog near Hobart Station, 5 miles southwest of Cadillac, on sections 30 
and 31, T. 21 N., R. 9 W., and the region adjacent are types. 

A marsh has a firm soil; that is, not easily shaken when walked upon, 
although it may be soft and very wet, even submerged, and the vegeta- 
tion upon it is principally grass-like; that is, with long narrow leaves, 
and weak, short-lived aerial stems. Shrubs may occur upon marshes, 
and where they are present not infrequently form thickets. The de- 
velopment of typical marshes is much greater than that of bogs as de- 
fined above, and much larger areas of marsh are to be found in more or 
less accessible places. In the southern part of the state, the Detroit 
and St. Clair rivers, the shores of Saginaw bay, in Akron and Wisuer 
townships, Tuscola county, and inland, a considerable part of James 
townshipj Saginaw county (T, 11 N., R. 3 E.), several sections on the 
Ann Ariior R. R., in T. 9 N., R. X W., and considerable areas of the 
shores of the lakes about Lakeland in Livingston county, are examples. 
In marshes of this character the depth of peat may be slight or con- 
siderable. 

A swamp, according to the writer's usage in this paper, has trees 
and shrubby plants as the most important part of the vegetation, the 
soil being, as in the case of the marsh, firm, but wet, even, at times, to 
flooding. The swamps are even more common than marshes and great 
areas of the state ^^■e^e formerly covered by this type of formation, which 
have long since been cleared, drained, and converted into agricultural 
land. One of the most extensive swamps seen in the Southern Penin- 
sula of Michigan, by the writer, is located due west from West Branch, 
in Roscommon county, and is traversed by a state road to Houghton 
Lake. The timber in this tract is largely Tamarack. ImHt laricitta 
(DuRoi) Koch, and Arbor Vita?, Thuja occidcntalis L, Smaller swamp 
areas in nearly natural condition exist in many parts of the southern 
tiers of counties, notably at various points along the rivers, and around 
many of the lakes which occur here. 

These types all intergrade more or less among themselves, and with 
swamps and marshes in which the soil is not of vegetable origin ; hence 

Cowles, H. C, The Phj-rtogmphlc Ecology of Chicago anil vlclnily. Bol, Gai. XXXI. 3, pp. 147- 
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DO absolutely sharp differentiation can be made unless a rather elaborate 
set of compounds be devised. Not infrequently the three types may 
exist in the same basin and, as at Mud Lake, referred to above, it is' 
possible to pass from one type to the other in crossing the deposit around 
the lake, and in many other cases around lakes the same relationship 
exists, the bog lying next the lake, the marsh next inshore, and the 
swamps ex;tending back often to the high ground which may have formed 
the shores of the lakes originally. This, as will be seen later, is a per- 
fectly normal arrangement, and one easily explained. 

Of the three terms, "bog" is the one moat often used in describing de- 
posits of peat, but this is perhaps an inheritance from English and other 
European literature on the subject, for in northern Europe the peat is 
very often found in bogs, as described above. 

Since peat is formed on undrained areas or in depressions, the extent 
and depth of a given deposit is generally determined by that of the 
plain or basin in which it lies, but as pointed out by Shaler,' it is pos- 
sible for the area of peat formation to be extended outward from a center 
under certain climatic conditions by the encroachment of certain species 
of plants which may be good peat formers upon the area occupied by 
those which are not large contributors of vegetable matter. This has not 
been noted by the writer in his studies in Southern Michigan. Since, as 
will be shown later, the conditions for rapid accumulations of peat are 
more favorable in shallow basins than in deep, and in those of limited 
extent than in la^;e, there are many more small deposits than large 
ones, and it is rare to find accumulations of more than forty or fifty 
feet in depth, although deeper ones are known to exist. 

Geographical Di$tr^ution of Peat. 

The conditions favoring the formation of peat are such that it is 
found most commonly in moist and cool or cold parts of the earth, hence 
in northern Asia, Europe and North America it occurs in great abun- 
dance, but that it is not lacking in the southern hemisphere is shown by 
the account of the extensive deposits of this substance on the islands 
on the southern coast of South America by Charles Darwin,* who states 
that the climate of the southern part of America appears particularly 
favorable to its production. Ries^ states that, "Peat deposits are found 
chiefly in north temperate climates, especially in moist ones. Many 
thousand acres of the North German plain are underlain by deposits of 
peat, while in Ireland alone it is estimated that there are 1,576,000 
acres of flat bog, and 1,254,000 acres of mountain bog. Russia is said 
to have fi7,000 square miles of peat land, and there are several million 
acres in Norway and Sweden, while extensive deposits are not lacking in 
France and Holland. Peat bogs are common in New York, Pennsyl- 
vania. Michigan, Wisconsin, and Minnesota." 

Ijs Conte* quotes estimates by Dana, that Sfassachusetts has 15 bil- 
lions of cubic feet of peat and also states that California has large areas 
of imperfect peat in the "tale lands" about the mouth of the San Joa- 
quin river and elsewhere and that extensive swamps exist in Virginia, 

'Op. cil„ pp. 384-28.'(. 
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and Xorth Carolina. In Europe 1-10 of the whole surface of Ireland, 
large parts of Scotland, England and Prance are covered with peat. 
The bog of the Shannon river is fifty miles long and three milee wide, 
that of the Loire in Prance is 150 miles around. In- Canada, according 
to Carter,' peat bogB are numerous, and, in extent and wideness of distri- 
bution are probably not exceeded l)y those of any other country of equal 
area. North of the height of land, say 50 miles south of James Bay, 
peat musk^ covers the face of the earth for hiindreds, perhaps thon- 
sands of square miles, and stretches northward along the westerly 
stores of Hudson's Bay. In the United States it is estimated that there 
are 75,000,000 acres, or 120,000 square miles of swamp land. 

This distribution of peat deposits seems to be due in large measure 
to a combination of factors, among which are abundant precipitation, 
regularly distributed throughout the year, stow percolation and slight 
evaporation from the surface, and small run oflf of the surface water, be- 
cause of poor drainage. There must also be a mild season suGQcieotly 
long to permit plants to grow with vigor and abundance enough to fnr- 
nisb accumulations of debris from which peat may develop. These fac- 
tors are all operative in the cold temperate r^ions of the continents 
mentioned above as areas of extensive peat deposition. They are poorly 
drained, since they have been abandoned recently by the ice of the gla- 
cial period, and abound in depressions and broad flat divides, and other 
plains from which the water is but slowly drained by existing streams. 
The growing season is long enough so that the vegetation is lurariant, 
and in the regions of greatest peat deposition it is cool and moist. The 
Boil temperature is low, which tends to hinder percolation from the upper 
to the lower levels of the soil by increasing the viscosity of the soil 
water, while the low average temperature of the air is a check upon 
evaporation from the soil or from water surfaces, since at low tempera- 
tures the air is very readily saturated with moisture. The effect of these 
factors is to keep the surface of the soil constantly wet, and to permit 
the water which falls upon it to remain there, and accumulate in all 
depressions. 

Distribution of Peat in MicJUgtm. 

Location: Michigan lies between the parallels 41° 45' and 48° 20' IS. 
latitude and between 82° 25' and 90° 34' W. longitude. It is divided 
naturally by the Great Lakes into two distinct parts, the Upper or North- 
ern, and the Lower or Southern Peninsulas. The greatest length of the 
northern portion is from east to west and is 318 miles, the width from 
30 to 164 miles. The southern portion has its greatest length from north 
to sonth, 277 miles, and its width at the widest part is 259 miles. The 
total area of the state is 58,915 square miles, and the coast line is over 
1,600 miles in length. 

Since the studies from which conclusions have been drawn in the 
present paper were made in the Southern Peninsula, only that part of 
Michigan will be considered in the following brief discussion of the cli- 
mate and physiography. 

The fullest account of the climate of the state is by the late Prof. A. 

■CurlWjW., B. H., "Pemt Fuel; lis ManuJ»clure and Uk," Report of Ontario Bui««i of Klnect 
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Winrbell' which atill is, in general, oorrect in itB concluBions, although 
many additional data have been collected since its publication. 

Precipitation: Laae' gives the average precipitation for this portion 
o( the state as some 32 inch^, and in the rainfall maps of climate 
charts of the United Ktates' the Lower Peninsula lies in the region hav- 
ing between 30 and 40 inches normal precipitation with a small area 
about Little Traverse Bay having over 40 inches. 

The same series of charts show that the precipitation is between 6 
and inches in the first quarter of the year, January to March; be- 
tween 9 and 12 inches for tlie second and third quarters; and between 
6 and i) inches for the fourth quarter. The period included in these 
charts is from 1870 to 1896. 

The following table cited by Lane* from Winchell shows substantially 
the same thing regarding the distribution of the precipitation during the 
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These data make it appear that the season of greatest rainfall is the 
summer and fall, and as this coincides with the season of greatest heat 
aftd consequent evaporation, it is evident that this distribution of rainfall 
is an important aid in the peat formation* and in the warmer parts of 
the state, may be the primary factor, since it prevents the great drying 
out of the soil moisture which would take place if seasons of long drought 
occurred annually. 

The rainfall is not evenly and uniformly distributed over the South- 
ern Peninsula but in the southern part, especially the southwestern, is 
an ai-ea of greater precipitation than occurs further north, and the 
valleys of the Haginaw tributaries have less to a marked degi-ee than is 
found elsewhere, except in small areas. The western side of the South- 
em Peninsula has a larger rainfall than the eastern, except a narrow 
strip from the mouth of Saginaw Bay northward. The differences in the 
total amount of rainfall are not however large, and taking into account 
differences in t'euij)eraturp, soil and surface configuration, it is probable 
that there are few areas of the same size in the United States more 
evenly wntcwd than that under discussion. 

Tniipemtiirc: The average annual temperature of Southern ilichigan 
varies nearly 10 degi-ees in going from the southern to the northern ends 
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of the peninsula, and the same may be said of the average maximum and 
average minimam temperatures, but the isotherms do not run unifomilj 
at right angles with the north and south axis of the state but are vari- 
ously curved* showing that the temperature ia profoundly influenced and 
modified, (1) by the presence of the great lakes on three sides of it, (2) 
by the great land mass to the south and the southwest, (3) by the high 
lands in the northern part of the interior of the peninsula. Lake Michigan 
is especially important in its effects, modifying both tbe maximum and 
minimum temperatures very decidedly and as a result of this the climate 
is more even and milder than that of the region in tbe same latitude 
west of the lake. ■ Yet tbe annual range of temperature is about 116° F, 
Tbe range of the average mean temperature of the portion of the state 
under consideration is from 49° at the southern and southwestern parts 
to 41° in the Straits of Mackinaw, the lines of equal temperature bending 
northward in the western and southeastern parts, and southward in the 
high areas in the region northwest and southeast of Saginaw Bay. That 
is, the western and southeastern parts are warmer and the highlands 
cooler than those immediately adjacent to them. 

Bunshine: The amount of direct sunshine a region receives is im- 
portant in a discussion of the vegetation of that region, and the following 
has been compiled from the maps referred to above.' The Southern Pen- 
insula receives, with Wisconsin, part of Illinois, Indiana and Ohio, parts 
of Pennsylvania and Xew York, and a portion of New England, be- 
tween 40%. and 50% of euushiue during the year, compared with less 
than 40% in the Northern Peninsula and more than 70^ in the arid re- 
poa of Arizona aud adjacent territory. 

During January this sinks to less than 20% in a considerable portion 
of the western part of the peninsula and is only above 40% in the south- 
eastern part. The area below 20% is the only one in the United States. 
In July, on the other hand, a very considerable part of the peninsula has 
over 60% of sunshine, tbe area extending across Indiana into northern 
Illinois to the Mississippi, and constituting the only area with so high a 
total of sunshine east of that river. The rest of the Southern Peninsnla 
has between 50% and 60%. The effect of this relatively large amount of 
sunshine, during the growing season should be to Increase the develop- 
ment of vegetation and to promote its vigorous growth, as well as cause 
a relatively high range in temperature. 

It is thus evident that the Southern Peninsula of Michigan has a suf- 
ficiently mild and moist climate to produce abundant plant growth, and 
that the rainfall is so evenly distributed that no long periods of ex- 
cessive drought normally occur, but on the other hand, the periods of 
greatest heat are also times of largest precipitation. The differences 
between the average temperature of the southern and northern parts 
are large enough to make a marked difference in the humidity of the 
climate, if the amount of precipitation is approximately the same, be- 
cause the air of the cooler region will he constantly more near tbe sat- 
uration point. In this part of the state, also, the periods of greatest 
beat are shorter and less frequent than in the southern portion, which 
fact is important in considering evaporation effects upon vegetation and 
moist or wet surfaces. That is, in the northern part of lie Southern 
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Peninanla, because of the differeaces in temperature alone, more of the 
land surface will be available for the formation, of peat than in the 
southern part of the same area, becaufle the drying effects of highly heated 
air are al^nt there. The eflBciency of this ageocy is relatively greater for 
the higher temperatures than for lower ones, since the capacity of the 
air to take up moisture increases more rapidly above 50" F. than it does 
below it. 

Physical Features: To these climatic conditions which are, on the 
whole, favorable to the abundant formation of peat, are added certain 
physical surface features which are also very favorable. Staler^ says, 
"In the conditions wbicb determine the formation of swamps, the shape 
of the land is generally of most importance." The Southern Peninsula 
of Michigan is, geologically speaking, new land, recently exposed to the 
erosive agencies which have not yet had time to develop a complete 
drainage system. Becaase of this, there are great numbers of deep hol- 
lows, slight depressions and flat areas, in and upon which water ac- 
cumulates and from which it drains away very slowly, or not at all. form- 
ing lakes. Moreover, the agencies which aliaped a great part of the sur- 
face of Michigan, were such that they left it exceptionally rough, after 
entirely obliterating the older surface and its systems of drainage, at so 
recent a time that the new drainage is still in an undeveloped stage. In 
traveling over the Soothern Peninsula one is constantly impressed by 
the facts that about its borders, for a varying distance from the Great 
Lakes, the country is quite flat and free from either marked elevations 
or depressions. I^ceeding inland however, the character of the surface 
changes and often abruptly, becoming rolling, the plain giving place 
to a series of ridges and hollows, which seem distributed over the land 
without order or plan. Often between areas of such rolling country will 
be found broad plains and valleys, which, though relatively flat, are not 
smooth, but contain frequent depressions in which are fonnd lakes and 
marshes. The broader plains have a somewhat different geological his- 
tory from the interior rolling country, but it is sufQcient to say that in 
the marginal plains, while rarely considerable deposits of peat are ac- 
cumulated, in general such accumulations are shallow and not of com- 
mercial extent. In the rough and rolling areas, however, as has been 
pointed out above, there are many undrained depressions and places 
where water stands above the land surface permanently, and in this ter- 
ritory, the region of moraines, gravel and till plains. left by the ice of the 
last glacial period, there are very numerous deposits of peat, many of 
which are extensive enough to warrant commercial development, and 
when all the available deposits, large and small, which are to be found 
in this region are taken into account, they represent an enormous amount 
of stored-up fuel. 

Classification of Mwhigati Peat Deposits. 

Various methods of classiflcation for swamps and peat accumulations 
have been proposed, and more or less satisfactory schemes for grouping 
them may be made. 

Sbater' considering all inundated lands, uses a system based upon, 
first, the kind of water by which the land was covered, fresh or salt, and 
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then under freeb water Erwamps, considers the source of the water, 
whether from rivers, lakes, etc. 

Schimper' under the paragraph "moors," states that rich formation of 
peat on wet soils leads to the production of moors, which occupy very 
large areas, especially in the cool and moist districts of the cold temper- 
ate belt, and classifies them according as they have or have not a limey 
substratum as "meadow-moors" rich in lime, and "high-moors" poor in 
lime, with the center bnitt up higher than the margins, hence the name. 
The same nomenclature was adopted by Fisher,' Fruh,* Koller' and 
others, and is evidently the ordinai-y usage in Germany since Eiselen* 
says that, "jn East Friesland, Holland, the Holstein region, etc., they 
usually divide peaty areas into the so-called high and meadow moors." 

A very casual study of peat bodies will convince any careful ob- 
server that not all of them have been formed in the same way, and a lit- 
tle consideration of the possibilities of each formation will make it ap- 
parent that there may be a number of possible methods by which such 
accumulations have come about. For convenience of discussion the 
writer has grouped the peat deposits of Michigan in several ways, taking 
as a basis of the classification, various points of view and elaborating 
each under a separate head. 

Peat DepOBtta Classified According to the Form of Land Surface Upon 
Which They Have Been. Formed. 

This seems the most fundamental basis for a scheme of classification, 
and hence is considered first. Peat is formed over : 

A. Depressed surfaces or hollows. 

B. Surfaces not hollowed out. 

Class (A) may be subdivided more or less minutely, but of easily rec- 
ognizable forms of closed depressions, the following are most worthy of 
consideration : 

1. Lake basins of the "tarn" type, 

3. Shallow lake basins of the ordinary type. 

3. Hollows not permanently filled with water. 

4. Hollows in sand dunes. 

5. Hollows formed by dams. 

a. Bams formed by differential uplift or tilting. 

b. Dams formed by hard rock outcrops. 

c. Dams formed by glacial ice, morainal dams. 

d. Dams formed by wave, wind, and ice action along the shores of 

the lakes. 

e. Dams formed by rivets and streams at flood time, cutting off 

portions of tbeir flood plains, or of their channels. 

f. Driftwood dams in sluggish streams. 

g. Beaver dams. 

'Schlmper. A. F. W., Plant Geography upon BiPhyrtoloKloalBBSls. Trans, by Flaber. 1903. p. 867. 
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Class {B) may also be subdivided into: 

Poorly drained till plain si 

Broad divides. 

The tloors of glacial drainage valleys. 

Lake and stream terraces. 

Deltas of streams. 

Slopes over which seepage spring waters flow. 

Northern bogs, in which peat forms on slopes, 



Among the thonaands of small lakes in the Southern Peninsula, there 
are several well-marked types, among which two, tarns and ordinary 
lakes, from their freqaency, may be cited. These are formed in hollows in 
glacial moraines, or in the depresaions which occur so frequently in the 
gravel plains, which mark the lines of drainage from the front of the 
glacial ice. The term "tarn" is applied to any of these small lakes in 
which there is no visible inlet, and such lakes as the "Sister Lakes" a 
short distance west of Ann Arbor, Whitmore Lake, 10 miles north of that 
city, and Bass and Bock Lakes near Vestaburg, Montcalm county, are ex- 
amples of this class. Whitmore Lake is also an example of the type fill- 
ing a depression in a plain, as are Rock and Bass Lakes. Many of the 
lakes in Lyndon Tp.. T. 1 S., R. 3 E., are excellent examples of morainal 
lakes, and several of these, like Cedar Lake, in section 9, are tarns a» 
well. Lakes of the ordinary type, with well marked inlets and outlets 
are so numerous as to need no illustration, since they occur so frequently 
that hardly a portion of the Southern Peninsula, except the region about 
Saginaw Bay, is without them. 

There are abundant illustrations also of the third class of depres- 
sions, those not filled permanently with water, especially in the morainal 
parts of the state, which, while they have considerable water in them at 
times are not continuously occupied by lakes and may be termed inter- 
mittent lakes in some cases, while in others, they may represent filled 
lakes, or may be merely marshy. Peat accumulates in them, in some 
cases, and in others does not, the general rule seeming to be that in the 
southern part of the state, if shallow, they contain little peat, while 
north, they are usually partly filled with peat, whether shallow or deep. 

The sand dune regions of the Southern Peninsula are chiefly in the im- 
mediate vicinity of the Great Lakes, and here between dunes will often 
be found swampy areas, formed apparently by the fact that the dunes 
rest upon a clay substratum, upon which the water which soaks into the 
sand of the dunes, accumulates in sufficient quantities to induce bog, 
swamp or marsh conditions. The shores of Lake Michigan, where not 
too high, the region around Saginaw Bay, and of Lake Huron north of 
that Bay, give numerous examples of this type of depression, while in 
Yassar township, Tuscola county, may be found occasionally a swamp 
which has developed in an inland dune region. 

The types of basins formed by dams are not always easily distin- 
guished from other depressions, but frequently the dam itself is still 
easily identifiable, and as the depressions were in many cases originally 
stream valleys they are often long, and narrow in proportion to their 
length. The long narrow lakes on the went shore of the Southefn Pen- 
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inBnla are, many of them, snch stream valleys accordlog to Lane/ which 
have been sunk by differential uplift and later closed by bars thrown 
across the mouth of the valley by wind and wave action. In a region so 
generally covered by glacial moraines as the higher parts of the Southern 
Peninsula it would seem easy to point to inoraina dams in numbers, but 
relatively few are known to the writer. Such a daiji crossed the Huron river 
valley at Ann Arbor at an early stage in the retreat of the Manmee Lobe 
of thie ice sheet to the Lake Brie basin, but it was apparently a very tem- 
porary affair, and was soon washed out, and this is apparently the fate of 
most of such dams to stream valleys, for we find not infrequently that 
streams have been crossed by moraines which at one time converted their 
vall^s into temporary lake basins. Such a dam held back the waters 
of the Cass river near Vassar for a time, and the Pine river near St, 
Lonis, and alA) near Alma, was evidently dammed by small moraines. 
The height of these dams and their looseness of texture was asually un- 
favorable to their permanence, for as soon as the water began to run over 
thera they rapidly washed out. 

Much more permanent are the ban'iers, which are built by wave and 
current action and ice shove in the winter, across the mouths of in- 
dentations on the shores of the larger lakes, and which tend to straighten 
the shore line by cutting off the bays and making them into independent 
basins. Almost every lake which had originally any irregularities in its 
shore line shows some such cnt off bay. The best illustrations of dams 
of this type may be found upon the west shore of the state, where wind, 
waves and current action are all working together to straighten the 
shore line, and such lakes as Pine Lake near Charlevoix and Intermedi- 
ate and Torch Lakes on the east side of Grand Traverse Bay and a large 
number of others show how efficient these dams are. 

An excellent example of this type of lake on the eastern side of the 
state, is Tobico Lake, in Bay county, a short distance north of West Bay 
City, where the long current-formed sand spit has cut off from the main 
body of water, what was until recently a bay. Here also may be seen, a 
short distance to the west of the present Tobico Lake, and at higher levels, 
two swamps, formed by the filling of lakes, which were cut off in iden- 
tical fashion from the main bay during the time when the lakes which pre- 
ceded Lake Hnron covered the land. Tobico Lake is shallow and sup- 
ports an abundant growth of aquatic plants, and is apparently filling 
rapidly. 

These larger examples are cited because they are so conspicuous, but 
Littlefleld Lake in northern Isabella county, T, 16 N,, R. 5 W., has six 
basins, which have been cnt off from the main one, in this case by marl, 
which has closed up mouths of what were formerly bays. The shore of 
Saginaw Bay, especially on the east side, has many small, shallow ponds 
just behind the present shore line, which have been made by the sand 
ridges heaped up by wind and wave action. 

The basins formed by stream action differ in shape and are usually, in 
Michigan at least, of smaller size than those formed by the agencies just 
mentioned. They are of two types, the marginal and the "ox-bow." The 
mai^nal type is usually developed on the shoreward edge of the flood 
plain of the stream valley, by the elevation of the bottom of the existing 
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channel of the stream by depositions daring seasons of high water. This 
gradnallf raises the part of the flood plain in which the stream runs, and 
leaves the remoter margins lower, so that when the banks overflow the 
water finds its way to those lower places and remains there, or finds its 
way slowly to the stream lower down in its course. Most streams with a 
wide valley and rather sluggish current show ponds and lakes caused 
by this form of dam in some parts of their course. Maple river, a trib- 
utary to the Grand, the Saginaw river, the Pine river, near Alma, and 
many other streams are examples showing this form of dam. The type 
of depression formed by the changes which streams make in their chan- 
nels during times of flood is best illustrated by the "ox-bow" lakes, but 
these are by no means the only forms which occur. Streams in the lower 
and flatter parts of their courses, where their valleys are wide and the 
material easily eroded, are most likely to furnish illustrations of this 
form of dam. The streams in this part of their valleys are likely to me- 
ander widely and make very tortuous channels for themselves, and in 
flood times, when the current increases in velocity, and the amount of 
water is so great that the streams are out of their banks, they cut new 
channels, straigfater and more direct, and close ap, in part at least, the 
old ones, leaving them as elongated depressions of greater or less extent, 
which are usually wholly or partly filled with water. The Huron river 
below Ypsilanti, and in fact the greater number of the streams flowing 
in broad flat valleys throughout the state, afford examples of cut off 
channels and bends, so that no student of the subject need go far to 
seek illustrations. 

In early times in the Southern Peninsula the streams were often 
blocked for considerable distances with dams of drift wood, the trunks 
of trees, washed out from along the banks by freshets, and by the under- 
mining of the banks by shifting currents, during the ordinary stages of 
water. These were usually cleared out of streams as soon as lumber- 
ing began, and, except in the wilder and more inaccessible parts of the 
state, will not be allowed to accumulate again, but the following ac- 
count of such dams by Desor^ is interesting and shows how extensive 
such obstructions formerly were. "We had sailed a day and a half on 
the principal branch of the Manistique. when we were stopped by an ac- 
cumulation of tree trunks, forming an obstacle across the river. The 
Tftfts, which the Canadians called 'embarras.' are by no means rare in 
the forest, wherever the gradient of the river is slight. A tree trunk up- 
rooted by the current, and dragged along by the river catches on the 
side of a meander; if the current does not dislodge it, a second trunk 
coming along is stopped, others come along and their branches interlac- 
ing, they end by forming a barrier, which increases indefinitely. There 
are some of these barriers which have a considerable area and are very 
old. since they are often found covered with bushes which have taken root 
upon the floating trunks. The one we encountered here was not of this 
liind; it was evidently of recent formation, because it was not more 
than a dozen fathoms in width. The tree trunks were dry and mainly of 
the Arbor Vitae." 

Another of these obstructions in the same stream is described as sev- 
4>ral hundred fathoms long and very old, covered by shrubs, among others, 
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the raspberry, which grew "as parasites" on the half rotten tmnke of the 
birches and sprnces. 

It is not to be questioned that auch obstructions in streams did 
mach to hold the water back and create marsh and swamp conditions 
for considerable distances above them. 

Of beaver dams little need be said here, since they are discussed at 
length in another place, except to point out that the extensive deposit of 
peat at Oapac, seems, in part at least, to have been formed in the ponds 
created by beavers, since their dams were cut through in developing the 
drainage system of the deposit, and that the remains of the animals 
and their dams are frequently found in draining swamps and marshes 
in the central part of the state. 

Types of flat areas belonging to class (B) are widely distributed over 
the Southern Peninsula and only single instances need be cited to show 
the characteristics of each. The "till plain" is a nearly level area which 
probably is the ground moraine of a portion of the glacial ice sheet which 
melted back at a uniform rate faster than the ice advanced, so that no 
morainal ridges were formed. Such a plain of rather small extent is 
found in Washtenaw county north of Ann Arbor. The soil is usually 
bouldery clay and sufficiently impermeable so that the water stands upon 
the more level parts of the surface, a part of the time at least, thus 
tending to cause the development of swamps. 

The broad flat divide between the tributaries of different drainage sys- 
tems is a well marked character of young topography, and is frequently 
found in the Southern Peninsula, in the higher parts especially. Many 
of these divides are parts of till plains, and are swampy for the same 
reason that the plains are, The extensive swamp areas between the Fine 
river and the Maple river in Gratiot county may be considered as exam- 
ples of this form of land surface. 

By glacial drainage valleys are meant those in which the water from 
the front of the melting ice sheet flowed away to some lake or to the sea; 
or in some cases they are undoubtedly the temporary outlets of the 
great lakes which accumulated for a time between the front of the ice 
sheet and the high land from which it had recently retreated. These 
valleys are sometimes of great length, and of considerable width, and 
may or may not be occupied by streams at the present time. Such a val- 
ley is usutUly very flat In the bottom, and where it is not too sandy or 
gravelly, "may become swampy. The series of marshes and swamps ex- 
tending southward from Huron county to Imlay City and thence south- 
westward, is such a channel, while the well known celery swamp south 
of Ann Arbor and those about Kalamazoo are other examples. 

lake and stream terraces are often nearly flat and because of being 
covered by impervious clays do not quickly absorb rain water, or that 
which flows over them from higher levels. The wet shores of Saginaw 
Bay, the well marked marshy areas about the western end of Lake Erie, 
and the swamps and marshes upon the terraces of such streams as the 
8aginaw, the Maple and Huron rivers may be taken as typical of these 
forms of plains. 

Streams, besides forming dams along their courses are continually 
depositing material at their mouths by which they build up a more or 
lees extensive plain of wet soil to the level of the body of water into which 
they run. These plains are not usually of great extent, but may develop 
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until they fill large areas of the lakes into which they are built. The 
delta of the St. Clair river in Lake Bt, Clair desci-ibed by J. Leon Cole,* 
and that of the Saginaw river are two of the extensive deltas easily ac- 
cessible and typicalof this form of plain, but in nearly every lake which, 
has a stream flowing into it a more or less extensive delta may be found, 
and upon these it will be seen that there are very favorable conditions 
for marsh and swamp development. 

In many places in the Southern Peninsula, clay or compact till slopes 
have at their tops, or superimposed upon them, sand or gravel beds, 
through which the water which falls as rain percolates until it reaches 
the clay. This it follows until it reaches the expanse of clay and running 
over the slopes forms a favorable place for the development of peat. 
Such slopes with bogs.upon them occur at Ortonville in Oakland county, 
in the valley of Huron river, north of Ann Arbor, and at a short distance 
west of Chelsea, near the line of the electric railway, and in many similar 
places. 

The northern or climbing bog has not been observed in the area stud- 
ied, but the type may occur in the extreme northern end of the peninsula 
and has been reported from the Northern Peninsula by Bhaler and 
others.* 

Claaaification Acording to Method of Development. 

A second method of classification of peat deposits may be based 
upon the way in which the deposit was developed, whether from the bot- 
tom, or the sides and top, and here again at least two main types are 
to be distinguished. 

(C) Those built up by successive generations of' plants, starting 
from what is now the bottom of the peat. 

(D) Those which have been formed by growth at the sides, or at 
the top of the basin, or both. 

Peat deposits of type (C) occur invariably in the shallower depres- 
sions, and upon slopes and plains, and since the depth of the water in 
which even aquatic plants will grow is limited to a few feet, it is evi- 
dent that no deposit of peat of this kind can be more than this depth, 
unless from time -to time the water level is raised, as the deposit Is 
built up, or it is formed by floating aquatic plants of the higher types^ 
or by algae. 

(D) For the same reason it is clear that the filling of deep lakes 
with peat, so that twenty, thirty or even fifty or more feet of peat may 
be formed, can only take place in relatively few ways, such as: (1) The 
washing of dead and decaying vegetation from the shores into deeper 
parts of the lake basin. 

(2) The drifting in of such matter from the tributary streams. 

(3) Vegetation may grow out from the shores to form floating mats, 
which finally extend themselves to cover the entire water surface. 

It is probable that it not infrequently happens that there may be 
filling from the sides, nntil the water has become shallow enough to 
enable water plants to attach themselves to the bottom thus formed, and 
from this time on, the building up from the bottom b^ins, although the 
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development of peat from the remains of submerged ^aquatic plants must 
be very slow, because these contain such small amounts of vegetable 
matter relative to the semi aquatic and land plants. 

(4) In rather rare instances in the southern, and more frequently in 
the northern part. In small, quiet, sheltered bodies of water, floating, 
rootless species of plants may develop in suflBciently large numbers at 
and near the surface to become important, factors in the work of filling 
the deeper parts. 

Classification According to Surface Vegetation. 

Still a third system of classification is frequently adopted by pros- 
pectors for peat, by botanists, and others, which, while it is purely 
superficial, would, in general, probably be considered as the most 
natural. This is based upon the kinds of plants growing upon the sur- 
face of the deposit, and the inference, which has led to much misappre- 
hension in this respect, is that the peat below is formed by vegetation 
which at any given time may be growing upon its surface, and is gov- 
erned by this in its character. 

In giving names of this sort to peat deposits, usually some conspicu- 
ous species of plant, or sometimes more ttian one, gives its name to the 
formation, despite the fact that many others are associated with it. 
which may be more important as peat formers. Any classification made 
upon this particular basis would include a^ least the following types 
in Michigan : 

(1) Elm and Black Ash' swamps. 

(2) Tamarack swamps, marshes and bogs. 

(3) Cedar (Arbor Vitse) swamps. 

(4) Spruce swamps. 

(5) Willow and Alder swamps. 

(6) Heath (Blue-berry, Cranberry and Cassandra) swamps, marshes 

or bogs. 

(7) Grass and sedge marshes and bogs. 

(8) Rush marshes {Cat-tail and BuUrusli marshes belong here). 

(9) Moss bogs (including Sphagnum bogs). 

Elm and Ash swamps are among the most common types of the swamp 
forest of Southern Michigan and may occur in any locality where the 
drainage is sufficiently poor, whether peat is present or not. In fact, 
it is probably true that this type is less frequently found upon pure peat 
than upon mineral soils, but it may appear as a characteristic forest 
type upon the poorly drained surface of beds of peat, which have become 
thoroughly decomposed, and which are rich in mineral matter. Hence 
in river swamps and delta swamps, on shallow peat approaching muck 
and humus, they are common. On deeper peat they are found at inter- 
vals in the margins of the lake swamps, but there seems to be no way 
in which these are to be distinguished from those where the substratum 
of peat is very shallow. 

This association of plants occurs upon peat several feet deep at Half 

'Throughout Ihla renon, st the reqiiesl of the Slatp Geoloelst, »iicl as a convenience both to 
prinMr ui<t the general reaiier- I'jTikU^I^ name? are ii^te'l for the tJifferenl apecles^ but In general In a 
perfectly deBnlle sense, and a tahle ol the lattn equivalents In stieciflc names for the English names 
used will be found at the end. 
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Moon Lake, in Seville township, T, 12 X., R. 4 W., sections 5 and 6, and 
at Mud Lake, in tbe same township, there was formerly an exteosive 
forest of this type, now cut off, on peat more than four feet deep. Bums' 
reports elm and maple growth (in which the black ash is also an im- 
portant constituent) at Dead Lake, upon from 5 to 10 feet of solid peat. 
A very extensive swamp of this general character occurs in sections 7 
and 18 in T. 3 S., R. 4 E., in Washtenaw county, where, in places, the 
peat is more than three feet deep. 

(2) Tamarack is a much more commonly recognized indicator of 
peat deposits than the elm, and is probably a much more certain one as 
well, especially in the southern part of its range, in Sputhern Michi- 
gan, but it is by no means confined to peat deposits. Throughout the 
morainal region, wherever there are undrained or poorly drained areas 
even in the lake plain, there are likely to be found tamarack swamps, 
and hence a few localities only need be mentioned. Near Ann Arbor 
the type is poorly Illustrated by a small area at the First Sister Lake, 
three miles west of town. This has been drained and partly cleared, 
but north of the city a few miles are more extensive tracts about the 
small lakes, and in the undrained spots in the vicinity of Whitmore 
Lake, and from thence north on the line of the Ann Arbor R. R. to 
Burand, they are frequent and typical. Farther north, in Gratiot and 
Isabella counties, they are again numerous, and still farther north, in 
the vicinity of Cadillac, extensive areas are occupied by this type. Id 
the borders of lakes the Tamarack frequently is found scattered singly 
or in groups over the grass and sedge marsh, and such a development 
is to be seen in the marshes around Lakeland, Livingston county, espe- 
cially in those which lie north of the station a mile or more. In fact, if 
is usually true that the species spreads out into an open marshy area 
near which it may grow, as will be shown later, so that it may be found 
as a characteristic bog or marsh plant anywhere within its range, in 
sufficient numbers to become an important element of the vegetation. 

The White Cedar, or Arbor Vitse {Thuja occidentaUa L.) characterizes 
a type of swamp which is northern in its distribution, and which has 
not been observed by the writer south of the central part of the state, 
but from northern Gratiot county north, the type occurs with great fre- 
quency in lake margins, in springy situations, and along the terraces of 
streams. One of the more southern points at which the type has been 
observed is at Eiverdale, Gratiot county, where such a swamp formerly 
occupied a sloping terrace at the foot of a gravelly moraine. The accumu- 
lation of peat here was small. At Lake Orion, in Oakland county, is 
another southern locality for this characteristic species, where it occurs 
in association with the Tamarack and the Black Spruce. This illustrates 
a fact which should be constantly borne in mind, namely, that while 
any of these species may occur without admixture of others, in swamps 
which they characterize, they also frequently are found in mixed asso- 
ciations, so that a tamarack swamp may be a spruce or a cedar swamp 
as well, or even an ash swamp. 

As one proceeds northward, the cedar swamp is more and more of com- 
mon occurrence, and may indicate extensive peat deposits, or may not. 
At Hobart, in Wexford county, peat was more than 20 feet deep under 
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a heavy growth of cedar, while at Llttlefleld Lake, in Isabella county, 
the peat, under equally good growth, waa, id places, leea thao two feet 
deep, and nowhere more than four feet in depth. 

Spruce (Picea Mariana and Picea brevifoUa Peck) Bwampa, like the 
cedar swamps, are of more northern distribution in the Lower PeniuBuIa 
than the Tamarack swamps, but they extend somewhat further south 
than those characterized by the Cedar, occurring in southern Livingston 
and northern Washtenaw counties, either aa pure spruce swamps or as 
those in which there is a mixture of Spruce and Tamarack. 8uch a 
mixed type occurs at Mud Lake, a mile and a half west of Whitmore 
Lake, where both Spruce and Tamarack are scattered over a considerable 
area of deep peat upon the north side of the swamp, while the Spruce ia 
nearly entirely wanting on the south side. In the region farther north, 
Isabella county and northward. Spruce swamps are of more frequent oc- 
currence and are more dense, while in the Northern Peninsula extensive 
areas of this type are characteristic features of the greater part of the 
Peninsula. 

In the southern part of the area under consideration, the Willow 
swamp, or marsh, is a common type. In this the ground is more or less 
densely covered by shrubby Willows of various species, often accompanied 
by Poplars, the growth reaching a height of from five to twenty feet, or 
more. The growth may be very dense upon moderately well-drained peat 
or may be scattered upon that which is wet. The Willow swamp fre- 
quently borders a grass marsh, and the relationship is a genetic one, ^s 
will be pointed out below. Small Willow swamps are common over the 
greater part of the area studied, and are often found occupying the 
swampy areas along streams where there is little, if any, peat. The 
Alder swamp is much like the Willow swamp, except that it is usually 
more densely covered by the bushes, and that these grow to a greater 
height, and also is more northern in its region of frequent occurrence. 
Like Willows, the Alder is frequently the dominant growth in the wet 
valleys of streams, and In the region north of the central part of the 
Lower Peninsula, Alder swamps are very common, and may develop where 
there is considerable depth of peat. At Mud Lake, mentioned above, is a 
considerable area of Willow swamp near the western end of the peat de- 
p<ffiit, which has accumulated there. 

Alder is the characteristic shrub in a large peat swamp near Half 
Moon Lake in Gratiot county, and is generally a more or leas important 
constituent of the flora of swamps along streams in the region to the 
north of the center of the Lower Peninsula, as well as in the other types 
of swamps. The chief species of Alder found in the Alder swamps of 
thib range is AItmis incana {L.) Willd., and while both Willows and 
Alders may grow in any wet open situation, they frequently grow upon 
the deepest peat. These plants frequently follow clearing, draining, 
burning or destruction by floods of other types of vegetation. 

Another type of bush cover upon peat deposits, and the one which is 
more likely to indicate peat of considerable depth in the Southern Penin- 
sula of Michigan than any other kind of woody growth, is that formed 
by the members of the Heath family, of which the Blueberries, Foc- 
emtum corymboaum L., and other species of the same genus are the best 
known representatives. Heath swamps are rare or absent over very 
considerable areas in the lake plain district, and in some portions of the 
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morainal areas, but in others, and npon the till plains in the northern 
and north-central parts of the state, they are of rather frequent occur- 
rence. The various heaths are usuallr associated with the moss Sphag- 
num, and the locations cited below wiii usually serve for both types. 
The association is not invariable, however, and some of the heaths have 
been found in extensive tracts whei-e little, if any, Sphagnum was pres- 
ent, as on sections 25 and 26 in Dexter township, Washtenaw county 
(T. 1 S., B. 4 E.). Heath swamps are illustrated by a portion of the 
swamp about Mud Lake, already referred to, by a number of areas be- 
tween Perry and Lansing, along the line of the Grand Trunk B. B., by 
several examples near Vestaburg in Montcalm county, in the southwest 
part of T. 12 X., K. 5 W., and by others in the vicinity of Boyce Lake, 
Boscomnion county, in T. 21 K., E. 3 W. Often with the heaths will 
be found other shrubs, which, in the southern part of the state, may be 
quite as conspicuous, or even more so, but for which it does not seem 
necessary to make a special class here. 

The grass and sedge types of marsh or bog are well known and are 
often called "hay marshes," because they are cut for hay. The prevail- 
ing vegetation is grass-like and may be either sedges or grasses or mix- 
tures of the two types, although frequently there are practically no 
species of one or the other of the two present in quantity. Generally 
the sedges are found npon rather wetter situations than the grassy, 
but both grow finely upon peat. The wide "prairies" of Saginaw and 
Bay counties, extending up into Tuscola and Huron are chiefly sedge 
marsh, in which various species of Carex are the most conspicuous plants, 
but in the same region there are numerous limited tracts in which the 
grasses are the chief vegetation. The marshes of the lake borders of the 
vicinity of Lakeland, Livingston county, and of Four Mile Lake, near 
Dexter, Washtenaw county, and those along the Detroit and St. Clair 
rivers are chiefly sedge marshes, although in most cases, all of these pass 
gradually into rush marshes or bogs as one goes from the shore outward 
to the lake or river. 

As indicated in the preceding statement, the rush swamp or bog is 
wetter than the sedge type in the majority of cases and may be found 
associated with it. and, in the localities named above the rush type is 
found in close proximity, or even intruding upon the other. The 
plants taken as characterizing this wet type of marsh are the Cattail 
Flag and the Bulrush, and, as is also true of the sedge and grass marshes, 
both may. and often do, grow in places where there is no peat whatever, 
but, on the other hand, all may grow upon peat of great depth, though 
where these plants are present, the peat is frequently very wet and soft. 

The moss bogs are those in which some species of true moss is a marked 
constituent of the surface cover and rarely may be the only type present. 
The mosses most likely to become dominant in these places are (1) in 
the wettest ))laces aquatic species of Hypnum; (2) in somewhat dryer 
areas, but still very wet, Sphagnum: f3) in the dryest places in bogs, or 
after they have been drained, Polytrichum : or. in shady places, the high 
ground species of Bppnum; with Poii/tricMm not uncommonly occurs 
the lichen Cladonia Sp. The lieatli bogs mentioned above all have more 
or loss Sphagnum present, while the great peat deposit at Capac was 
densely covered in many places by a species of Polytriehum , as was 
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the bog (swamp) at Chelsea, Washtenaw- county, uow being developed 
for fuel manufacture. 

In discussing these schemes of classification it is evident that if the 
diacuBBion is to serve any definite purpose, tlie life relations of the plants 
concerned in the formation of peat, the principles which govern their 
distribution, not only areal, but also into associations, and their adapta- 
tion to environment, must be carefully considered, since in general peat 
deposits have been built up by the continued addition of the dead parts 
of plants which have lived upon the surface of the deposit, while it was 
being built. It must also be borne in mind that not all such plants are 
of equal importance as peat formers, since some of them are of less fre- 
qnent occurrence, are less vigorous in growth, and because of simple 
structure, famish less vegetable matter than others. 

!fhe subject of the formation of peat has been written upon fre- 
quently for more than a century, but the discussion has been carried 
on mainly by European writers, who have dealt with conditions existing 
in colder, moiBter and less variable climatee than that of the part of 
Michigan which is here discussed, and the developments described are 
evidently quite different from those studied here. 

A brief review of the literature makes this apparent, as shown by the 
following citations: 

Geikie' states that "these deposits are largely due to the growth of 
bog mosses and other aquatic plants, which, dying in their lower parts, 
continue to grow upwarf on the same spot." "In a thick bed of peat, 
it is not infrequently possible to detect a succession of plant remains, 
showing that one kind of vegetation has given place to another during 
the accnmulation of the moss < * * the lowest part of the peat 
may contain remains of reeds, sedges, and other aquatic plants which 
choked tlie lake. Higher up the peat consists almost entirely of the 
matted fibers of different mosses, especially of the kind known as Bog- 
moss or Sphagnvm, The uppermost layers may be full of roots of dif- 
ferent heaths which spread over the surface of the bog." 

Jukes-Brown' makes the following statements: "'In England and 
Europe generally, some species of moss constitutes the greater part of ■ 
the mass, but elsewhere other plants contribute largely to the growth 
of peat. In the English Fen country, peat is chiefly formed by a moss 
called Sypnwm fluitans, but in the mountain bf^s of Ireland and Scot- 
land the moss is a species of Sphagnum." 

According to Sir J. Hennie," many of the peat bogs or "mosses" of 
Europe occupy J:he sites of great forests, some of which have been de- 
stroyed in historic times. The fallen timber by obstructing the natural 
drainage, and causing the ground to become wet and marshy has con- 
duced to the growth of mosses which produce peat. 

Brown' states that "on the continent (of Europe), turf formation is 
said to be rare on calcareous and frequent on sillcious bottoms, though 
in Ireland the rule does not hold true, probably owing to local circum- 
stances, not permitting of the water draining away as easily as it does 
Id a limestone country generally." Also that 'turf (peat), has received 

'Oclkie. A., Clasa Book of Geology. 1890, pp. Ki-HH. 

> Jukes-Brown. A. J., Hiind Book ol Physical Geographj'. I8S2, p. 211. 

■ Rennle, J., Elssays on Peat. p. 05. 

*Bn)wa, Robecl. "Our Earlh and Its Story," Vol. I, 18S7, pp. 60-62. 
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various names indicative of the plants from which it is derived, suoh 
as 'moas-tupf,' 'grass turf,' 'heath tnrf,' 'wood turf,' etc. The Irish often 
speak of a 'sod' of peat," 

Speaking of the peat of Lincolnshire, Wheeler' says: "This peat con- 
sists of the remains of mosses, water grasses, reeds, flags, and other 
fresh-water plants, common to ditches and ponds, the most abundant 
being the Eypnum fluitans and the Arundo Phragmites." 

Koller' makes the statement that "practically all plants except the 
fungi may form peat, but the bog mosses are moat important, as owing 
to their spongy nature, they tend to produce a high water level in the 
pond or swamp." 

Of American writers upon the subject, there are two classes, those 
who have written as geologists and those who have described the vegeta- 
tion upon the surfaces of various types of peat deposits, from the point 
of view of the ttotanist. 

Desor,* quoting from a letter from Lesquereux, gives as the origin of 
Cedar swamps along the Manistique river, the following: "When a 
river overflows its banks, the slimy sediment is deposited, of course, at 
the edge of the current, and where its force ceases ; and thus a ridge ie 
formed along the banks, behind which, on the retreat of the river, thei-e 
remains stagnant water. This is the origin of peat bogs. The flrat 
gro*th of the still water is Chara, a plant of a peculiar composition, 
containing a large quantity of silica, and to the decomposition of which 
I attribute, in a great measure, the formation of the' clay found in pear 
bogs. " • • Kext to the Chara comes the Sphagnum. To enable 
th^se plants to grow, requires only a hollow in which moisture can 
lodge and a few fragmetats of woody fiber." Here follows a discussion 
of the structure, and properties of Sphagnnm, and the writer concludes : 
"Upon the basis of these farts you may easily follow the operations of 
nature in the formation of Cedar swamps." 

"When a little water remains in a hollow and becomes saturated with 
humic acid by the decomposition of vegetable substances. Sphagnum im- 
mediately establishes itself. • " • As these mosses spread • " • 
a favorable soil is formed for the Cedars." 

Lesquereux* later attributed the fornmtion of peat in the Great Dis- 
mal Swamp largely to Sphagnum, an observation which later explorers* 
dispute. 

The persistence of the idea which Lesquereux advocated, and which is 
evidently correct for northern Enrope and a portion of North America, 
is shown by its almost universal restatement in geological text-books 
and by even very recent writers upon peat. This Shaler" says: "In the 
northern section of the United Stales, speaking of those regions in which 
the mean annual temperature is below £55° F., the water mosses, es]>e^ 
cially the species of ^^phagnum . are by far the most important swamp- 
breeding plants. " * • Its value as a peat producer is, throughout 

I Wtieeler. W. H.. The Fens of S. LincolnshijB. 2nil K<\. 189U. 

•Koller. T., Die TorMnclnMrie, pp. 4-S, 

■Desor. E.. In Foster. J.Vf.A wKltLey. J. D., Rpnorl on the Geolan oC the Lake Superior Land 
District, Purl 2. 1851. P[i- 2*0-242. 

•Lesquereux, L- "Torfbl Idling Im giossen Dismal Sw«m p." Zellschr. rierdeutBcliengeoli^GesellBCh, 
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the section within the glacial belt, probably greater than that of all the 
other water loving plants." 

This writer, to illustrate the importance of Sphagnum as a peat pro- 
ducing plant, uses the diagram which we reproduce aa Fig. 2 — one which 
has been widely reproduced in text-books of geology and elaewbere. It 
Bhonld be noted, in connection with this claBslc figure, however, that 
conditions, eucb as it represents, with Sphagnum as the mat forming, 
lake covering plant, do not and can not occur in the region here dis- 
cussed. The real relation of plants in the formation of a cover, such as 
is here represented, is shown in Fig. 4 of this paper. 








Dana* says : "Id temperate climates it Is due mainly to the growthi 
of mosses of the genus Sphagnum." 

8eott° has the following: "In northern regions tbe peat is formed 
principally by mosses, and especially by the bog moss Sphagnum. Else- 
where, as in the Great Dismal Swamp of Virginia, the leaves of trees 
and various aquatic plants are tbe sources of supply. " • • "The 
bogs of northern latitudes are due principally to the bog moss. Sphag- 
num, which forms dense and tangled masses of vegetation, dead and de- 
caying below, green and Nourishing above." 

Tarr,* speaking of the filling of small lakes in the northern states, 
says : "One form of plant is of particular importance in tiiis respect. A 
moss, the Sphagnum, grows luxuriantly on the shores of these tiny ponds 
and lakelets and by its life and death, builds a bog which is sometimes 
several feet in depth." 

Bies,* in discussing the formation of peat says: "Since most peat is 
formed from the moss Sphagnum peat bogs are formed only in cold, 
temperate, humid clitoates, for the reason that Sphagnum does not 
grow in dry air, etc." 

Alexander Winchell,' on the other hand, as early aa 1860, makes the 
following statement: "Around the shallow mai^ns of these lakes is 
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' always a belt, abounding in various forms of aquatic vegetation, which, 
decaying, form a deposit of vegetable matters, resting upon tbe inarl, 
from tbe water's edge to the inner limit of vegetable growth. With the 
dUing of the interior, the shallow belt extends towards the center and 
tbe vegetable deposit continually encroaches upon the lacustrine area 
until the whole lake becomes a peaty marsh." 

From the botanists who have written upon the subject, a somewhat 
different idea of peat formation is obtained, namely, that many types 
of plants are concerned, especially water plants. 

Cowles' makes this apparent in bia discussion of the plant societies 
of tbe vicinity of Chicago, 

Atkinson' intimates it in describing tbe "atoll moors" of the region 
about Ithaca. N. Y. 

Mills,^ in a recent paper, points out that "Chara, tbe water lilies, 
Castalia and pond lilies Nymphaea, are rapidly reclaiming tbe bottom 
of a small lake in Indiana. 

Whltford* makes an equivalent statement in discussing the swamp 
Bocieties of Northern Michigan. 

Principles Underlying the Relation of Plants to Peat Deposits. 

From these citations it would appear that tbe writers either had dif- 
ferent types of formation in mind, had made merely superficialexami- 
nations or bad studied the tracts which they have described as fixed 
phenomena. In attempting to reconcile what seem to be conflicting 
statements the writer b^afi comparative studies of tbe flora of the 
peat deposits of Michigan to see if it were possible to discover anj la^ 
of development by means of which a satisfactory understanding of these 
formations could be reached. In addition to the studies of the flora, 
sections of the peat were made wherever practicable, tbe remains of 
such plants as could be recognized were studied, and depth of the water 
level below tbe surface was noted, and, in many cases, the tempera- 
ture of the surface and of the subsurface of the soil were taken -and 
compared with that of the air above the surface at tbe same time. 

The following facts were also taken into consideration, which may 
be stated as follows: 

(1.) Relatively very few of the large and more highly organized seed 
plants can grow entirely submerged in water. Of the (nearly) 2,150 
seed plants of Michigan but one Composite. Bidcns Bcckii Torr., a single 
member of the Campaaulaceie, Lobelia Doi-tnmnna L., the majority of 
the Bladderworts, Vtriciilaria species, a few of the Umbelliferie for a 
portion of tbe season, the greater number of the Water-milfoil family, 
including six species of ilyriophylhnn and two of Hippurua, one Pro- 
serpinara, and a single Podostcmon, rarely observed have this ability. The 
Cruciferfp also have a single representative, Roripa Americana (A. Gray) 
Britt. The Crowfoot family is somewhat more fully represented by two 
species of Batrachium. and two of Panuneiilus. and tbe Hornwort family 
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furnishes the well-known Ceratophyllum. The Water Lily family senda 
only its leaves and flowers to the surface or slightly above it, and is an 
important group, having .three genera and six species which may be 
counted as members of this class. 

The Endogens furnish a much larger proportion of this type of plants, 
including the important Heterantheia diihia (Jacq.) MacM.. and the 
members of the Xaidacete, the Pondweed family, including Potamoge- 
ton, but altogether the list is a short one when compared with the total 
number of plants. 

(2.) Of these plants which will grow in water, only a few, mainly 
Potamogetona or pond weeds, can establish themselves at a depth greater 
than ten feet from the surface, while the majority of submerged plants 
grow in less than six feet of water, unless it is unusually clear. Reed' 
reports species of Potamogeton reaching down into 18 feet of water, 
and Pieters,^ in Lake St. Clair, found Potamogetons at about 23 feet, 
as the maximum depth at which any seed bearing plants occurred. 

The writer has frequently tested the depth of the outer limit of the 
growth of the seed plants and has found it to range from 15 to 25 feet 
in many ponds and lakes. As this outer or deeper limit is approached 
the number of species is reduced. The reason for this limitation seems 
to be that the amount of light and heat which is available at greater 
depths is not sufficient for the needs of the plants. 

To the plants which establish themselves in deep water must be 
added the AlgsB, especially Chara of various species, which grow at con- 
siderably greater depths, and which, by their activities, as was pointed 
out by the writer* in previous papers, are instrumental in forming 
marl deposits, which raise the level of the beds of lakes, and eventually 
fill them. . 

On the other band there are some species of plants which are able to 
grow luxuriantly in water in which they are unable to reach the bot- 
tom, i. e., they grow without root attachment. These are chiefly 
Utricularias or Bladderworts, and Myriophyllums, and they may be so 
abundant as to cover the entire surface of a small sheltered lake. 
Utricularia vulgaris L., has thus been noted in a number of bays and 
small lakes, and more rarely XJ. intcnnedia Hayne, and on one occa- 
sion 17. purpurea Walt, was the species. In exposed lakes these floating 
plants are blown about, and are often thrown up on the shore in con- 
siderable quantities, hence in such lakes they are not usually important 
factors in the flora. 

(3.) There are very few plants that grow partly submerged, which 
will grow at a depth greater than six feet, while many of this type. 
- and among these, the most important of the peat forming species, do 
not grow where the water is over two feet in depth. 

Among the plants which have this habitat are the cat-tail flags. Typha, 
the Bur reeds, Sparganiuni, especially S. eurycarpum Engelm,, the 
Water-plantain, Alisma plantago-aquatic L.. several Arrow-heads, Sagit- 
taria species, some grasses, especially Zizania aguatica L., the Wild or 
Indian Hice, Phragmites pfiragniites (L.) Karat, Reed-grass, and Panic- 
tUaria Huitana (L.) Kunfze, Floating Manna-grass. Among the mem- 
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here of the sedge family are many forms which grow in shallow water, 
the one which reaches the greatest depth being Soirpm lacuati-is L., 
the Lake BnlruBh, which, in Saginaw bay, grows in water more than 
six feet deep. Other important plants of shallow water are species of 
the genera Carets and Eteocharia, also sedges. The Pickerel-Weed Fam- 
ily furnishes Pontederia cordata L., the common Pickerel weed. One 
other important species should be mentioned, although already listed 
among the wholly submerged plants, namely, the Yellow Pond Lily, 
Nymphwa advena Boland, which grows sometimes in water more than 
ail feet deep and frequently forms very dense masses of plants of large 
extent, as do also the White Pond Lilies, CastaUa sp. 

(4.) Plants which grow on the dry land, or in moiat soil, will rarely 
endnre conditions where the soil is constantly saturated with water, 
hence they are unable to grow in such places. This seems to be due, 
in part at least, to the lack of available oxygen supply for the roots. 
• A few plants growing habitually in wet places, have special adapta- 
tions to enable them to get air for their roots, and for other parts 
where it is needed. The best illustration of this adaptation among our 
native plants is found in Decodon vcrtidllatus (L.) Ell, the Swamp 
Loosestrife in which large masses of thin walled tissue, called 
aerenchyma* develop on the stem and the pendulous branches where 
they come in contact with the water and apparently serve as aerating 
organs. The thickness diminishes above the water, the tissue changing 
into ordinary cortical tissue. This plant is more fully described in 
another section of this report. In the Tamarack a possible aerating 
system was observed by the writer in 1902 in ths swamps where the 
water level was abnormally high. This consisted of very long (some 
^a yard or more) root-like oi^ans sent off from the older roots above 
the water level. Structurally these organs were composed chiefly of 
parenchyma and were very delicate, reddish in color and of varying 
thickness. Other forms of adaptation for this purpose are the large 
Air passages which are found in the petioles of the leaves, and in the 
stems of the pond lilies and of many of the rushes and sedges growing in 
the water or in marshy soils, 

(5.) In addition to the sensitiveaess to lack of air in the soil, many 
"plants are very sensitive to shading, to the presence of injurious dis- 
solved substances, such as the ulraic, humic acids, etc., developed by the 
partial decomposition of vegetable matter, and to the constant low 
temperature about their roots, while their leaves are exposed to very 
varying and often high temperatures from the sun's rays. 

(6.) Nearly all species of plants are affected by a change of climatic 
conditions, growing more vigorously in warm than in cold climates, 
and seem to be less sensitive to shading, as the average temperature of 
the growing season and also the light intensity increases. 

The Formation of Peat in Depressions. 

In considering these few elementary facts of plant growth in their 
relation to the schemes of classiflcation given above, it is evident that 
depressions filled with water to a depth greater than 25 feet, would sel- 

:ork honiologes Gew«be bd Sunipr-pnan/en. Friim- ^' 



DAVIS ON PEAT. 131 

dom or never be filled by plants of a type above the algae, growing from 
the bottom and gradually filling the basins by their growth and decay. 
8ach baaina must be filled either by the algae, by floating species of seed 
plants with no attachment to the bottom, by sedimentation from 
streaDis, by accumulation of d^bria from the shores, or from plant 
growth extending ont from the shores, or by combinations of two or more 
of tbese methods. That is, in general, they are filled from the sides and 
top. if i)eat is the filling material, and the deep basin, if it were orig- 
inally filled with water, must be filled in such a fashion whatever its 
origin, under such conditions as prevail in Michigan. 

Formation of Peat in. Shallow Depressions. 

(a) Making application of the principles to shallow depressions, 
it is apparent that if these arc less than 25 feet in depth, such pJautB 
as will grow in water of that depth will establish themselves in the 
deepest parts, and will eventually form a slowly rising deposit upon 
the bottom, assisted by other sediments, which may be derived from 
the tributai-y streams or from vegetation in shallower parts of the de- 
pression. As soon as this has been raised near enough to the surface 
of the water to enable the shallow-water plants to grow these establish 
themselves, and because of their greater luxuriance of growth, and 
firmer tissues they build up the deposit faster, until the water surface 
is reached, when a still greater number of plants are able to grow. 
When the surface of the deposit has been raised above the water level, 
the conditions are again improved, and again the plants are increased 
in number of individuals and of species, but here a new factor in the 
progress of the up-building comes in, for the dead material is now 
brought into contact with the air, and the heat of the sun, which dry 
out the excess of water, permit the growth of organisms producing de- 
cay, and, when a. certain amount of elevation above the water level is 
attained, there can be no further building up, because of the drying and 
the tborough decay of all the dead parts of plants which fall to the 
snrface. 

Xo case is ever so simple, probably, as the imaginary one just cited, 
because of the complications which would arise in the course of the 
filling from flnctnations of water level, interference with estab- 
lished drainage, and the slow settling of the mass of sediment 
as it was built up, the failure of certain species of plants 
to become established, and the excessive development of others, the 
unfavorable occurrence of certain kinds of soil at the bottom 
of the depression, aiding in this. Thus, in many cases, for some 
eause not known, Chara seems able to hold the entire bottom of the 
deeper types of lakes and by its growth fills them with marl, upon 
which the seed plants establish themselves very slowly. Such deposits 
are illustrated by Cedar and Marl Lakes in Montcalm county, by Mat- 
tison Lake in Gratiot county, Nich-e-waugh Lake. Sec. 25, Green Oak 
township, Livingston county, and Four Mile Lake in Dexter township, 
■Washtenaw county, and many others. In these there are usually large 
areas of shallows upon which no vegetation appears except Chara, 
Scirpva Jacustris L., the bulrush and scattering plants of some species 
of Potamogeton, frequently very much dwarfed, together with the float- 
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ing Vtricularia vulgaris L. But eventuaily fpona these plants, and by 
the addition of organic matter from other sources, the soil becomes 
less calcareous and later peaty, and then other plants appear, and fill- 
ing follows the usual course. At Nich-e-waugh Lake this procesa is 
now going on around the shores and upon an island of marl upon which, 
the water was about a foot deep in June, 1904, and which was nearly 
covered by a growth of Nymphaea advena Soland, the Nupbar or Yel- 
low Pond Lily, with which were growing species of Potamogeton, Vtric- 
ularia and SfyriophffUum in an impure marl in which the organic mat- 
ter was plainly visible. In other portions of the shallows along the 
margin Typha latifoKa L., Scripus laouatris L., and Decodon verticil- 
latus (L.) Ell, had established themselves forming a zone shoreward 
from the Nuphar. 

The water level of this lake was formerly higher than at present 
and npon the gently sloping terrace was a shallow layer of peat, upon 
which, and extending out into the shallow water on to the marl, were 
Typha Uttifolia L., forming a broad zone and In places mixed with Phrag- 
mites Phragniites (L-) Karat., inshore from which was an open marsh, 
with a shallow substratum of peat, which merged into a Tamarack 
swamp, where the peat was still deeper. 

At Cedar Lake this process of peat formation had been developed un- 
til at the time when the land was cleared, the filled portion of the lake 
was occupied by a cedar swamp extending over the entire peaty area, 
upon which the peat was in no place more than three feet deep and 
usually less, while at Marl Lake, less than a mile away, there was ao 
entire absence of peat over a great part of the marly shallows, and 
only very sparse vegetation, consisting chiefly of bulrushes, in a 'few 
spots npon them. 

In other places, parts of the lake where the water is shallow, where 
there is no apparent reason for their absence, plants will not occur. 
The western shore of Bass Lake in Montcalm county and the north- 
eastern shore of Whitmore Lake, in southern Livingston coanty as well 
as other parts of this lake have very few plants npon them. At Bass 
Lake the soil is very hard and stony which may prevent the establish- 
ment of such plants as may get a foothold, while at Whitmore Lake, 
the fact that the plantless area is exposed to strong winds and is sandy 
in consequence, may be an explanation of the lack of vegetation, since 
the waves created by strong winds may prevent some species from get- 
ting a start, wliile ice blown by the winds during the spring may tear 
out others which have started. A soft oozy mud bottom seems much 
more favorable for the growth of many types of water plants than either 
hard clay or shifting sands. This may be due to its more easy permea- 
bility, or to the fact that such soils are richer, which, according to 
Pond' would increase the growth of water plants. 

From the foregoing it may safely be inferred that as the deposit was 
built up, there would be a change in the character of the vegetation 
as the water decreased in depth and that the plants concerned in the 
formation of the deposit would occupy such places as were suited to 
their requirements in a definite order. The same conclusion would be 
arrived at by studying the plant growth from the margin to the center 
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of aay shallow lake which is in the process of filling, for it would be 
found, that the plants deflnitely arrange themselves according to the 
depth of the water, and if the slope of the bottom is uniform and the 
character of the bottctm practically the same throughout, the plants 
of given types nsnallj grow in well marked bands or zones, entirely 
around the shores. The descriptions of such lakes are numerous in bo- 
tanical literature both European and American and the zonal arrange- 
ment of the plants in these locations a well rec(%nized ecological phe- 
nomenon. 

In studying a series of such lakes the conclusion must be reached 
that as fast as conditions are favorable, the vegetation of the shoreward 
zones, i. e. that growing in shallower water, moves toward the center, 
and is replaced by that from nearer the shore. This is due not only to the 
shoaling of the water and the increased light which reaches the plants 
growing upon the bottom, but also to increased heat, since the shallower 
water is more quickly warmed than the deeper, to improved aeration dne 
to more frequent stirrings by wave and surface current-action, and 
to the improved physical and chemical condition of the substratum. 
In the majority of more than fifty small lakes and ponds studied in 
various parts of Michigan during the present investigation, the order 
of succession of seed plants was as follows : First, in the deeper water 
appeared the Potamogetons, often spreading over the whole central 
part of the lake, as in Rock Lake in Montcalm county, at a low water 
stage a few years ago, and several small lakes seen in Oakland county. 
Shoreward of this was frequently a partial or complete zone of the 
White or Yellow Water Lilies or both. In some small shallow ponds 
the Yellow Pond Lily was found covering the entire surface of the de- 
pression with no other plants visible, and at Mud Lake. Washtenaw 
county, both the White and Yellow Water Lilies, Castalia tuberosa 
(Paine) Greene, and Npmpkaea advena Soland, nearly covered the svir- 
face of the remaining parts of the lake but associated with various species 
of Potamogeton and Utricolaria. In many cases this group or zone was 
bordered by a wide one of the Lake Bulrush Scirpue lacufiti'is L., in 
which were to be found on the outer margins, the plants of the outer 
zones, and shoreward were the sedges, or frequently, a well marked zone 
of Sdrpua Americamia Pers., the "Three Square," with some other 
rush-like semiaquatics. At Whitmore Lake the common plant of this 
zone is Elcocharia paUiatrig, S. & S.. the Creeping Spikerush. With this, 
some of the sedges, various species of Carex. occur, establishing them- 
selves above the water line, the species apparently depending upon the 
kind of soil and the amount of drainage, as well perhaps, as upon the 
accident of becoming established first. 

These characteristic plants were sometimes arranged in limited areas 
rather than zones, or were wanting, or were replaced by other tyi>es. 
but they were present so often that they should be mentioned as those 
usually found. 

The movement forward in any zone is in most cases a relatively slow 
one, possibly dependent upon recurring cycles of dry seasons, as is the 
change of condition which makes the movement possible, and on the 
border between two zones occurs a mixture of the characteristic plants 
of the two, to which the term "tension line" has been applied bv various 
18 
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writers, in which the Bhoreward plants are at flrat in the minority, 
then in about eqnal numbers and then in the majority, as the shallow 
water type is generally more aggressive. Thus in those lakes where 
the Yellow Pond Lily is abundant, its large, thick and nnmerous leaves 
resting upon the sorface or rising above it, so shut off the light, while 
its large rhizones and spreading roots occupy the soil below, that the 
submerged Potamogetons do not thrive where it is well developed and 
disappear when forced to compete with it, while in those lakes where the 
,TeIIow Pond Lily is absent, as at Silver Lake, Green Oak Tp., (Sec, 22, 
T, 1 N,, B. 6 E.) the Potamogeton may occupy a much wider zone. 

When the surface of the water is nearly reached by the slowly rising 
bottom, and the serar-aquatic types of plantB give place, through the 
same sort of competition, to those which can live in moist soils on 
land, for from this time on, during some portions of some seasons, the 
surface of the soil is above water, and plants growing upon it must be 
able to accommodate themselves to this condition of variation of the 
water level. 

Peat Formation upon Flat Areas: In applying the principles stated 
above to the flat, undrained areas, and to wet slopes, a slightly difEerent 
set of conditions prevail, for here during a part of the year the water be- 
fore peat deposition begins, may be merely sufficient to keep the soil 
moist or wet, while daring the remainder of the time, in rainy seasoos, it 
is possible that it may cover the surface in a thin sheet. In such cases, 
the conditions are much like those which exist upon the surface of a filled 
depression, and usually the plants which grow upon the two types of sur- 
face are identical in character and often in species. If it is assumed 
that the original surface was bare at the outset, such plants as will 
grow upon wet soils will establish themselves, and, in a relatively 
^ort time the cover of vegetation causes the drainage to become poorer, 
by retarding the run off. The first plants in such cases may be some 
species of Liverwort, like Marchantia, or of moss, like some of the 
Hypnums. and in cool and damp climates, of Sphagnum, while in 
dryer ones it may he rushes, sedges, or grasses at once. This, in turn, 
makes the soil still wetter, and favors the accumulation of vegetable 
matter in a partly decayed state upon the surface of the ground and this 
still more retards the flow of water, until the surface may be covered 
with standing or slowly moving water for a considerable portion of 
the year. These conditions eliminate many species of plants which may 
have established themselves for a time, because they are not able to live 
where the water level is so high, and the suppression of these sensitive 
forms, gives the more hardy species full opportunity, and soon the 
ground is all occupied by species which are adapted to the conditions. 
If the water level is continuously raised as the surface is elevated by veg- 
etable accumulations, these plants will usually continue to form the 
dominant growth and the peat- which is deposited will be made up of 
the remains of relatively few species and will be homogenous. The shal- 
low beds of peat which are formed in the marshes about Saginaw Bay 
seem to belong to this tyjie, the dominant plant forms being principally 
sedges of the genus Cures, with a few species of grasses associated with 
them. Certain types of terrace and valley peat deposits also belong 
in this group, esiwcially those where the terrace or slope, is watered > 
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by the water from seepage spriqga, which are coDBtaot sources of sup- 
ply. These sedges, frequently Carex stricta Lam. are the chief surface 
plants of these typea, and from the hygrophilous (water-loving) char- 
acter of these, have probably been so from the begiuning of the forma- 
tion- In the northern and north central part of the Southern Pen- 
insula, some of the mosses, not infrequently Sphagnum, may occur as 
a member of the surface association of plants, along with certain tree 
species, especially the Arbor Yitae. Such an association suggests the 
probability that it represents a mature condition of the deposit, in 
which the water level is not as high as it was in earlier states, but the 
type of deposit has not been carefully studied, and the series traced 
through. 

If, however, there are periods in the growth of the deposit when the 
water level is rapidly raised, and remains high for a time, or is lowered 
and is low for a considerable period, then other types of plants estab- 
lish themselves, the original flora is displaced and the deposit will take 
on a heterogeneous character, varying with the type of plant growth, 
and exhibiting well marked stratification, which makes the changes. 



Fio. 3. Diicram ihowlnE (tnictuie of a peat bed built up Crotn tbe bottom by succenlve eleTatloni 
of water level. 

Such changes may be due to the establishment of better drainage or 
to clogging of the drainage outlets, or to the irregular but no less po- 
tent, periodicity of rainfall and drought periods, which has been pointed 
out by Harrington,' Horton,* Rafter,' Lane* and others. 

The accumulation of peat is a slow process, under any conditions, 
and during the building up of any thickuess of it, there will be many 
periods of excessive dryness, or of great rainfall and these would inevi- 
tably cause changes in the eoil, and the soil water and drainage condi- 
tions, sufficient to make radical changes in the flora, provided that they 
were of suflQcient duration, periods of at least more than two successive 
years being necessary in most cases to affect a marked change. 

Hou> Depreasions are FiUed from the Sides and Top: The opposite ex- 
treme in the system of classification proposed above, the type of peat de- 
posit formed by filling deep basins from the sides and top, furnishes a 
rather more complicated case than any of the others discussed, because 
here the material is accumulated in deep water, and to a considerable ex- 
tent the action of the waves and currents must be taken into account. 
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The early stages of the formation of such deposits are probably to be 
found ID the deeper lake basins which have more or less complete zones 
of aquatic plants, such as those described above, and which may cover 
the shallower parts of the basin, as at Whitmore Lake, Half Moon Lake, 
and others in various parts of the state. These rings of vegetation may 
be broad or narrow according as the slope of the bottom is gradual or 
steep, and the debris from the decay of this, and such fine mineral mat- 
ter as Is stirred up by the waves, or is brought in by the inflowing 
streams, is spread over the bottom, along the surface of the vegetation 
zones, where it is held by tbe leaves, stems and roots of the plants, and 
in coves or indentations in the shore line, to which it is borne by the 
more or less constant shore currents, caused by the winds. 

Such deposition as this, however, must -be exceedingly slow and ba- 
sins in which it is the only method show little filling, even where rela- 
tively small and shallow, as in the case of Independence Lake in Web- 
ster township, Washtenaw county. Park Lake in the same township, 
and Bock Lake in Montcalm county, which though in the neighborhood 
of filled basins have no considerable deposits of peat. 

In this type of basin where filling has progressed so far that it is 
evident that it will soon be completed, but is still going on, the process 
of filling may be studied. The first marked diflference between this and 
the type where no filling has been done, which the basin presents, is a 
marsh of greater or less width, the lakeward extension of which ia 
afloat, and which is of the nature of a mat or raft, built up by the inter- 
woven rhizomes or horizontal stems of sedges or rushes. These appar- 
ently are able to build the mat out from the shore and the filling of the 
water is accomplished under the margin of the mat. 

Superficially the sedges resemble grasses, and in the ordinary or veg- 
etative condition are distinguished from them mainly by having, in the 
kinds more important in this discussion, triangular stems, not prom- 
inently jointed nor hollow, while the grasses have hollow, jointed and 
round stems. In addition to these vegetative characters, the fruiting parts 
of the two types are very different, Carcx is the most important genus of 
the sedge family, in number of species and is the one furnishiug the spe- 
cies most efficient in the coustniction of mats out over the surface of fhe 
water, and of fhe genus, the species which in the region studied by the 
writer is by far the most important in this work, is Carcx fiUfonnis L. 

This plant is not easily distinguished in the vegetative form, from 
other species of the same genus which grow in similar aitutions, but it 
has very long, tough, narrow leaves, tapering to a flue thread-like point, 
which grow from a horizontal, subterranean or subaquatic stem, or rhi- 
zoma, from the nodes of which also grow the loug slender roots. These 
underground stems will often grow horizontally more than a foot in 
length in a season, bearing at the end a terminal hud, from which new 
plants rise to send out in turn a new series of horizontal stems. When 
conditions are unfavorable for the rhizomes to grow outward into open 
water, they sometimes grow diagonally downward over the edge of the 
mat, the terminal bud developing just beyond the margin, and thus, 
the mat is strengthened as well as extended by the growth of the plant. 
These stems are tough, buoyant, and very durable, and it is by the inter- 
lacing and development of these and their roots that the mat mentioned 
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above is built up and out over the water. Otiier plants of the same 
family, and others not related, are occasioaally important in building 
simitar structures, but the mats formed by these are not so extensive 
nor as firm as those built by the Carex filifwmis. 

Extensive \)0g» and marshes are formed by these plants by building 
out from the shores of lakes, the felted and interwoven mass of their 
submerged stems and roots making a buoyant structure capable of sup- 
porting considerable weight. It is important to note here that the 
sedge can, and does, grow with its rhizomes submerged a foot or more 
below the surface of the water, and with roots extending much farther 
downward. . 

The filling of lakes by similar developments has been described by 
Shaler,' Ries,^ and others, but as the process as noted in Michigan, is 
essentially different from that described by these authors, and is of 
much interest and importance in the region under discussion, the follow- 
ing account and illustrations are given: 




FiQ. 4. Dl»grBin showing how plajiti Sll depressions from the sides u 
Legend to Fig. 4. 1. Zone of Chara uid floating >i]uatlo. 
" ' ■^ Potamoee*"-- 



Tbe sedge mat being the most important and the most frequent in 
the region under discussion will be the one chiefly considered, and the 
accoant below will refer principally to this type. 

It seems probable that the sedges are somwhat dependent upon a 
certain amount of preparation of the parts of the lake over which they 
advance, before they can proceed with their constructive work, because 
the margin of the mat and the water beyond it, are usually occupied by 
a considerable number of species of floating and submerged water 
plants, some of which, like the Nuphar and Potamogetons, have exten- 
sive roots and rliizomcs, and require some sort of soil in which to grow. 
In other instances the plants along the margin of the mat are wholly 
unattached, such as the Bladderworts, Utricularia species. 

It is possible that these plants are the pioneer forms which start the 
building and aid in extending the growtli lakeward by furniBhing a sort 
of substratum for the roots and rhizomes of the sedges, although in one 
case at least, that of Long I^ake, in Fenton township, Genesee county, 
the rhizomes of the Carex were found extending into open water, and it 
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seema certain from numerous examinations in various places that the 
mat gets no support from this substratum. The mat is actually floating 
for some distance from its outer margin, because any added weight 
causes it to sink rapidly, while holes through it not only end abruptly 
in water, but the water which pours up through these, wherever the 
surface ia weighted down, is clear, and quite free from suspended mat- 
ter. Near the lakeward edge, the mats are from a few inches at the 
margin, to about 18 inches or two feet in thickness back where the 
weight of a man may be safely borne. In a series of sections through 
the mat, from the water margin shoreward, the water will be found to 
become more and more full of finely divided matter atf one proceeds to- 
ward the shore, until, at a variable distance from the water's edge the 
deposit is nearly solid and the mat no longer floats. 

A study of the mat itself in the same sections, will show it to be of 
no great toughness, for holes are easily dug with the hands, but the 
material of which it is made is readily seen to be, in all its parts, the 
rhizomes and leaves of the sedges, which retain their structure and 
characteristics throughout the entire thickness of the mat, below which, 
all structure abruptly ceases, even where the mat is grounded. 

This structure makes it evident that the peat deposit is not built 
up by the sinkiug of the mat uuder the added weight of the growth of 
vegetation of successive seasons, for in that case there would be a trans- 
ition structure from tlie definitely fibrous and coherent mat, to the 
structureless mass below, and there would be not a space of open water 
between the mat and the rest of the deposit. Therefore the material which 
accumulates under the mat must come from the dropping down of debris. 
from above, fi*om the under side, and from the margins, in which case it 
may possibly be carried under it by some system of circulation, the- 
causes of which need not be discussed here. 

Whatever the causes of this accumulation, as the mat spreads out 
from the shore, at a fairly constant distance from the margin, the peat 
becomes rather dense and solid, eo that the bog no longer floats, loses much, 
of its quaking character and becomes firm. When this stage ia reached,, 
other plants than the sedge and the rushes begin to establish them- 
selves upon the mat, and these eventually build up the surface, and by 
shading and overgrowing it destroy the sedge, which is sensitive to shad- 
ing. It is possible, however, even after this has happened to show that 
the sedge has done its work by making a section through the superficial 
layers of the deposit to the level where the mat was formerly, for the 
remains of the rhizomes of the sedge may be found at that level in great- 
est abundance, as will be shown later. The peat below such a mat is 
usually fine grained, structureless and well decomposed, and nearly 
black in color. 

Effects of Consolidation and Raising the Surface of the Deposit. 

In no other type of peat deposit is it possible to see so clearly the 
marked effects which are caused by a slight change in the level of the 
surface, upon the flora growing above the deposit. As long as the mat 
is afloat the sedge is able to grow freely and keep out all competitors 
except such as grow in the water associated with it. Rarely the mat 
itself is pushed above the water level by being compacted and compres- 
sed laterally by ice thrust in the winter. 
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Wheo the mat has become grounded, however, the surface is gradually 
built up until it is above water, at least a part of the year, and other 
plants appear in large numbers and in considerable variety, but always 
in a definite order. The number of species is not large for each level 
built up, bat when that level has been reached, some or all of the species 
which should be present appear, and these, because of. greater vigor in 
growth, in a variety of ways such as height, greater amount of foliage, 
and of roots, etc., usually cause the disappearance of the sedge. While 
the species of Carex mentioned is the most efBcient nnd the most abund- 
ant and frequent of the genus in the sedge mats it is not the only one 
which is able to make extensive growths of the sort, Carex aqvatilis 
Wahl., C SarttaeUii Dewey, and C. utriciilata Boott, all having been 
noted in snch mats, either alone or associated with C. fXifomm L. 

It is apparent that if the sedge mat, as long as it is afloat does not 
support any considerable number of other types of plants, and if the 
peat is gradually built np under the mat until that no longer floats, 
the sedge is the chief agent in forming the deposit, not even second to 
the water plants which grow in most cases at its outer margin. While 
it is not clear how the consolidation comes about, the present investiga- 
tion has led to the conclusion that in no other way than that stated 
can the existing observed facts be accounted for, unless, as suggested 
* above, a remarkable and not easily explained circulation exists in the 
water below the mat, by means of which the debris which is formed 
outside its edge is carried under it for considerable distances. This does 
not seem probable, but no final statement can be made at this time. 

Among the lakes visited in which the sedge mat and attendant phe- 
nomena are well illustrated in Mud Lake^ on the line between sections 
1 and 12, Webster township, Washtenaw county, (T. 1 S., R. 5 E.). This 
is one of a series of depressions in a till and gravel plain lying north 
of Ann Arbor and bordered at the northwest by a strong moraine. 
These depressions are, or have been, occupied by lakes in various stages 
of the process of filling with peat. Of these Mud Lake is probably in the 
most advanced stage before the actual closing and complete covering of 
the waters occurs. The remaining open water is now divided by narrow 
strips of sedge and broken by islands of other plants) and that which 
would be open is well nigh covered with leaves of the pond lilies, Cas- 
talia retnformis (Paine) Greene and Tfyviphaea advena Roland, with 
Potamogeton of various species and other aquatics intermixed. 

In the smaller holes in the sedge mat near the larger spaces of open 
water the Kympltaea is the usual lily, and associated with it are Typha 
latifoUa L., the Cat-tail, growing on the shoaler places, Pontederia cor- 
data h. the Pickerel-weed, and Peltandra Vtrfjinica (L.) Kunth., the 
Arrow-arum, whicti are able to establish themselves in water a foot or 
more in depth upon a very poorly compacted substratum. In places 
along the margins of the open pools the Lake Bulrush was present 
either reaching out over the lily plants or forming clumps which were 
minature islands and occasionally small groups of Dccodon verticil- 
latus (L.) Ell., the Swamp Loosestrife, grow in the margin of the sedge 
mat, or forming small clumps in the shallow water. These islands are 
evidence that the bottom of the i)ools is not very far from the surface 

■Since the tollowlns account wag wrillen. a dcBcrlptlon of thin locollly ban b 
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in tlie places in which they occHt, although it may be much deeper in 
areas where other plants occur. 

The sedge mat upon the south and east sides has a very different 
character upon the shoreward margin from that of the north, but upon 
the lakeward areas it is very similar all around to the open water ex- 
cept as noted below. It is wide, very wet, the sedge plants grow- 
ing in from 8 to 12 inches of water, floating, so that it is strongly 
shaken when walked upon, and for several hundred feet back from the 
open water the principal plant species present is Carex ftliformis L. 
with which is associated in the wettest places — often small depressions 
among the sedge plants — a few surviving and stunted plants of the Yel- 
low Pond Lily, and in the water, oversbaded by the sedge culms and 
leaves, is abundant Vtricularia intermedia Hayne, which is a common 
plant also in open water as well. With this are algae, and the min- 
ute seed plants Lemna, frequently L. tnsulca L. 

In addition to these a more conspicuous plant was Typha latifoUa L. 
which was scattered all over the marsh and entirely replaced the sedge 
at the east end and upon the west and northwest sides of the lake. In 
some places back from the edge of the mat, where the Typha is found 
in the marsh, the turf seems firmer than in others, but in general the 
conditions where this plant is found are. quite as wet or wetter than in 
the pure sedge mat. 

A conspicuous plant upon the sedge marsh and somewhat com- 
mon with the Typha and one of some signiflcance with regard to 
the dryness of the substratum, i, e. the height of the water level, is the 
Marsh Shield-fern, Dryopteris Thelypteris (L.) A. Gray, which, al- 
tbougb it is found in the young stage in the western part of the sedge 
mat, where the sedge plants are somewhat scattered, is the dominant 
plant upon the areas of the mat where for some cause the surface level 
is very slightly higher and the turf firmer and more compact, possibly 
from ice thrust in the winter or the accumulation of drift material on 
which the sedge plants do not thrive, or are absent altogether. 

Thief fern is very light green in color, in this kind of situation, so its 
position is easily seen, and it is usually accompanied by quite an ex- 
tensive flora which has reached out from the more stable, open and bet- 
ter drained marshes near the shore, and with these, in low spots, nsnall; 
are remnants of the aquatic and semi-aquatic vegetation which the 
sedge has not crowded out completely. The plants of this association 
which are from the shoreward regions, are ; 

Bochmeria cylindH^^a (L,) Willd., False Kettle. Very common. 

Eupatorivm purpureum L. Joe-Pye ^'eed. 

Eupatorium pei-foUatum L, Thoroughwort. 

Aater junccua Ait. Rush Aster. 

Lycopus communis Bicknell. Bugle-weed. 

iMrix Larhina (Du Roi) Koch. Tamarack. 

Osmuuda regalis L, Flowering Fern. 

Galium spp. Bedstrnw. 

Triailcntim Virffiniciim (L.) Raf. (Elodcs companulata Pursh) 

Marsh St. John's wort. 
Jmpaticna biflora Wah. Spotted Touch-me-not. 
Viola alsopMJa Greene (Viola hlanda palustriformia, A. Gray.) 

Marsh White Violet, 
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Carex limosa L. Mud Sedge. 

Ophioglo»8um vulgatum L, Adder's Tongue Fern. 
lAmnorchia hyperhorea (L.) Rydb. {Hahenaria hifperborea B. 
Br.) Ta)l Leafy Green Orchis. 

The list of those from shallow water is smaller and includes the fol- 
lowing : 

Bagittaria latifolia Willd. {8. variabilia Engelm.) Broad-Leav- 
ed Arrow-Head. 
Peltandra Virginica (L.) Kunth. (P. undulatd Eaf.) Arrow- 
arum. 
Typha Uttifolia L. (not common here.) Cat-tail. 
Carex flUformia L. Slender Sedge. 

This list is given because of the fact that most of the species from 
the shoreward group are quite constant in their association with the 
marsh Bhield fern, and, while all of them are not invariably found with 
it, in such places, some of them are, and they undoubtedly help prepare 
the surface of the sedge mat for succeeding plant associations. The 
Tamaracks which are found with the ferns thus far out upon the bog 
are usually of small size and quite young, but as soon as they get tall 
enough to produce shade they are accompanied by a less number of 
species, some of them evidently persisting from the open fern associa- 
tion. 

Under a group of young Tamaracks, which were 8 to 10 feet in 
height, and formed a rather dense thicket 10 to 15 feet in diameter, ' 
somewhat farther shoreward than the most advanced stations of the 
ferns, the following species were found and the association is typical 
on this sort of growth: 

Dryopteris Thelypteris (L.) A. Gray. Marsh Shield-fern. 
Yiola alsophila Greene. Marsh White Violet. 
Onoclea seTiHbilis L. Sensitive Fern. 
Menyanthes trifoUata L. Buck-bean. 

And little else, the shade being quite dense. The Dryopteris in these 
thickets was much taller and larger .and of darker green than that in 
"the open bog. 

In some of the areas of fern it was evident that another change bad 
tiegun, for upon these were small and apparently recently established 
colonies of Sphagnum, practically the only growth of the moss upon 
the south and east sides of the entire marsh area. Still farther towards 
the shore the areas of fern were somewhat less numerous and the sedge 
became more dense and taller, and the surface of the marsh seemed a 
little lower, with more water upon it. Here the Carej; filiformis was 
mixed with two other species, possibly more, but certainly with Carex 
SartwelUi Dewey, Sartwell's Sedge and some Carex tcretutscula Good, 
the Lesser-Panicled Sedge. 

Here also were found associated with the sedges, more or less fre- 
■qnently, ilenyanthca trifoJiata L, and Comanim {PotentiUa) pahistre 
<L,) Marsh, the Marsh Cinquefoil. 

Bordering this area and extending along the whole length of the 
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Bouth and east sides of the marsh was a narrow zone of shrubby wil- 
lows of several species, and immediately back of this, away from the 
marsh, was a belt of tamaracks, several rods, or even more, in width. 
The plants found beneath the tamaracks which were from 20 to 40 feet 
in height, were as follows. In considering this list it must be remem- 
bered that the water level is below the surface of the roots of the trees, 
and some of the shrubs, so that these form elevated stools, covered 
with sufficient soil to give root-hold to various plants, bence so far 
as water level and drainage is concerned the species may have a con- 
siderable variety of habitat in what is often treated as a single type, 
yo attempt is here made to indicate the water relation of the different 
species, although some species seemed practically confined to the low ' 
hummock:) formed by roots and stumps, and others to the depressions 
between these; all were well within the shade of the tamaracks and 
were thrifty in this situatioii. 

Woody Plants of the Tamarack Zone. 

Acer rubrum, L. Bed Maple. 
Betuta pumila L. Dwarf Birch. 
Comus stolonifera Mx. Bed Osier. 
Comua candidissima Mill. Panicled Cornel, or Dogwood. 
Gayluaaacia resUiosa (Ait.) T. & G. Huckleberry. 
Ilem verticillata (L.) A. Gray. Black Alder. 
, Jvnipenix communis L. Gronnd Juniper. 

Picca brevifoUa Peck. Black Spruce. 
Rhus Yemiis L. (Rhus venenata D. C.) Poison Sumach. 
Rosa Carolina L. Swamp Rose. 

Rubus American/US (Pers.) O, A. P. Dwarf Raspberry. 
Solanum Dulcamara L. Wild Potato. Nightshade. 
JJlmus Americana L. White Elm, 

Oxycoccus Macrocarpus (Ait.) Pers. (VaccifUum Macrocarpon 
Ait.) Large Cranberry. 

The Maples, Elms and Spruces were all small, the shrubs mostly well 
developed plants, but not old or large. Of herbs, the folh>wing list con- 
tains the most prominent species, and those which are probaMy most 
significant in the history of the development of peat. 

Dryopteria Thelypteris (L.) A, Gray. Marsh Shield-fern, Here- 
very abundant and thrifty. 

Boehmeria cpUn'drica (L.) Willd, 

Carex atcrilis cephalantha Bailey. (C ccItitMita cephalantlta 
Bailey.) Prickly Sedge. 

Carex leptalca Walil. (C. polt/tri<;hoi<lc8 Willd.) Bristle-stalked 
Sedge. 
■ Carex tenella Schk, Soft-leaved Sedge. 

Carex triaperma Dewey. Three-seeded Sedge. 

Coptis trifolia (L.) Salisb. Goldthread. 

Equisetum fliniatile L, (E. limoaum L.) Swamp Horsetail. 

Eriophorwm polystachyon L, Tall Cotton-grass. 

Oalium trifidum L, Small Bedstraw. ^ 

L-inzcdbyGoOgle 
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Glyceria nervata (Trin.) Served ManDa-grasB. 

Panicviaria nervata (Willd.) Ktze. 

Impatiens biflora Walt. (/. fuiva Nott.) Spotted Touch-me-not. 

LeptorcMs LoeaellH (L.) Mac M. (LiparU LoeaeUii Rich.) Fen 
Orchis. 

VnifoUum Canademe (Deaf.) Greene. (MaiaiUhemum Canadenae 
Deaf. False Lilv-of-the-Valley. 

Menj^nthes trifoliata L. Buck-bean. 

Osmuruia cinnamomea L. Cinnamon Pern. 

Osmunda regaltg L. Flowering Pern. 

Comarum paluitre (L.) Marsh, {PotentilUt palustris Scop.) 
Marsh Cinqnefoil. 

Rumex Brittanica L. Great Water-dock, 

Sarracenia purpurea L. Pitcher-plant. 

Sphagnum. This occurred sparingly in depreesionB below the 
water level. 

Spathyema foetida (L.) Baf. (Symplocarpus foetidm Natt.) 
Skunk Cabbage. 

Tagnera trifoUa (L.) Morong. {Bmiladna trifolia Deef.) Three- 
leaved Solomon's Seal. 

Yiola aUophila Greene. Marsb White Violet. 

Of these the Boehmeria, Dryopteria, Osmunda, QaUum, Impatiens, 
Menyanthea, Comarum, Sphagmtm and Viola are found in the preced- 
ing list, and were common in the open marsh, the Comarum and Meny- 
anthes in the water, the others somewhat above water level. Of the 
other species, the Carices except C. aterilis cephalantha are species moat 
often found in shaded swamps, often under tamaracks, and rarel; la 
open bogs. The Coptts ia a northern plant, found in rich woods in New 
England and in the Northern Peninsula and in swamps in the more 
southern part of its range. The Equiaetittn and Eriophorum are water- 
loving apeciea, usually found in the open marsh, the latter often a con- 
spicQons species in the sedge mat, but able to persist after the Tamarack 
has invaded this, by keeping in the more open places. 

The Oalvwm and Impatiens are plants very widely distributed in wet 
places, both in the open and nnder shade, the latter often being the 
only herb in the dense shade of very wet swamps. 

LeptOTChia, Sarracenia and Vagnera are plants which are usually 
fonnd in peat bogs, the Sarracenia as frequently, or more frequently 
in the open than in the shade, in fact, while it will endure partial shade 
for a time, as this becomes more dense it seems gradually to disappear. 
It is frequently found growing very abundantly in deep Sphagnum, but 
may grow to perfection in wet sedge marsh, as is shown hy its occurrence 
in many such marshes. 

The Leptorchia, like other members of the Orchis family, ia often 
found in the open marsh and sometimes grows perched as an epiphyte 
among the culms of Carex atricta Lam., several inches above the water. 

Vagnera trifolia is, like Coptis, a plant of northern range, growing 
generally in tamarack and cedar swamps, and while it is sometimes 
foand growing in open places where Sphagnum is abundant, it is more 
frequent in the shade and seema to need it for its best development. 
The Violet mentioned, the Swamp White Violet, Is common in shaded: 
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wet placeB of various types and will grow in shade where apparently 
little elae is found, and where the aoil is very wet at certain seasons. 

Of the other plants found here, the Sphagnum occupied the wet places, 
growing in the depressions between the roots of the trees and shrubs, 
and often in the standing water in these. More rarely it formed very 
small patches above the water level but it formed at the time these 
studies were made, no important part of the plant covering in this 
area. 8pathyema foetida, the Skunk Calibage, was much more abundant 
in some parts of the tamarack growth than In others, and often covered 
the ground entirely with its broad leaves where the soil was wet and the 
shade dense. It is an abundant plant in boggy and peaty soils which 
do not dry out, but seems to make a good growth in the beginning only 
under the shade of taller vegetation, but once established, it persists 
as long as the drainage conditions are not improved after the removal 
of the shade. It may establish itself at times in open springy places, 
where the conditions are favorable. 

After passing through the belt of Tamarack just described, a second 
sedge marsh is passed before reaching the original shore. This, how- 
ever, is gently sloping, and the surface is covered with Carex stricta as 
the most abundant plant and as this plant grows in tufts, the culms 
building up dense compact stools of peat, the associated plants are 
perched in part upon the dryer site thus afforded. The soil here is still 
very wet about the roots of the Carex until late in the summer at least, 
but a number of plants found here occur in the slightly dryer types of 
marshes, and this would indicate that the slight slope gives some drain- 
age. Associated with the Carex stricta were the following species: 

Comus stolonifera Michx. Red Osier Dogwood. 

Dasiphora fruticoaa {L.) Rydb. (Potentilii fruticoaa L.) Shrubby 

Ginquefoil. 
Rhus vcrniw L. Poison Sumach. 
Salix Bcbbiana Sarg. (K. rostrata Rich.) Bebb's Willow, and 

others. 
Rubtts stngosus Michx. AYild Red Raspberry, 
Rosa Carolina L. Swamp Rose. 
These shrubs were few in number and scattered at various distances 
from the margin of the swamp. The herbs were the following: 
Dryopteris Thelyptcris (L.) A. Gray. 
Boehmeria eylindrica {L.) Willd. 
. Geum striatum Alton. Avens. 

SolifJago Canadensis L. Canada Golden-rod. 

Verbciia hastata L. Blue Vervain. 

Lycopus Amcricanua Muhl. (L. sinuatus Ell.) Cut-leaved Water 

Hourhonnd. 
Thalivtrum purpurasccns L. Purplish Meadow-Rue. 
Asclcpias incariuita L. Swamp Milkweed. 
Aster puni<:eus L. Purple-stem Aster, 
Eupatorium purpurcum L. Joe-Pye Weed. 
Caiamagrastis Canadensis fMx.) Bcauv. Blue. Joint. 
Ivis versicolor L. Blue Flag. 

Ascfepiaa Hyriaca L, (^1. Cornuti Dec.) Common Milkweed. 
PotentiUa Moiispcliettais L., {P. yorveqiea L.) Rough CJnqnefoiL 
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The appearance of Calamagrostis Canadensis jn this area marked a 
defloitely lower water level during the growing season in the places 
where it was found than do the sedges. 

Returning to the sedge marsh on the lakeward side of the Tamaracks, 
and following around to the eastward the sedge was found to be .replaced 
by Cat-tail, Typha, at the east end, except in limited areas, and there 
were indications that the latter was increasing the territory occupied 
by it, such as the presence of large numbers of young Typha plants 
among the sedge, and the close relationship of the position of the fern 
covered areas to that of the Typha. The probability that this was the 
case was strengthened by the fact that at Whitmore Lake within three 
years there has been a permanent elevation of the water level of 
more than a foot, an^ at Dead Lake a similar rise has occurred 
so that it is certain that one has taken place at Mud Lake, and those 
parts of the sedge mat which did not rise promptly with the water 
would become wetter than before, a condition which would favor the 
rapid increase of Typha in the vicinity of places in which it was al- 
ready established. Near the Tamarack, as this part of the marsh was 
crossed, were a few spots where the Cassandra, Chamaedaphne caly- 
culata (L.) Moencb., had established itself in about the same relationship 
to the tamarack zone as the willows were on the south side, but it was not 
a marked constituent of the flora here. It was also noted that along the 
east end of the marsh there were numbers of young specimens of 
Tamarack growing with the TypJia. 

The tamarack growth surrounded the entire lake with a nearly per- 
fect elliptical border, and as this was followed along around the east 
end to the north side, a very abrupt change took place in the character 
of the vegetation in the tamarack zone and the shrub zone immediately 
lakeward from it. The Tamarack became mixed with a considerable 
percentage of Spruce, and beneath these trees numerous shrubs occur 
which were not found on the south side, and the surface of the ground 
was covered with a heavy coating of Sphagnum moss. The shrub zone 
instead of being covered by species of Salix was occupied by Cassandra 
and other species of heaths, and extending lakeward was a dense growth 
of Sphagnum with scattering Cassandra plants, the Sphagnum growing 
sometimes in the water on the sedge mat, but not extending more than a 
few yards lakeward. The "islands'' of fern in the sedge mat here had 
Cassandra and large amounts of Typha upon them than appeared in 
similar places on the south side. Considering these different associa- 
tions as before, the floras of the sedge mat and the open water were 
practically identical to those of the south side except that Eriophortim 
gracUe Koch., ScheUchzcrm palnstris L, and Varex Kmosa L. were more 
conspicuous, growing at the same water level with the Carex filiformis. 

The plants characteristic of the fern islands upon the south side, here 
made a more definite zone, which in places was well marked a short dis- 
tance lakeward of the shrub zone, which invaded it at intervals; the 
Sphagnum also often apparently found favorable conditions for growth 
here. 

The shrub zone was, as has already been stated, characterized by Cass- 
andra, but there were other interesting species, some of which give evi- 
dence that the mareb had not long been in possession of the shmbs. 
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CareiB fiUformia L. 

Carex Umo$a L. 

Dulichium arundinaceum (L.) Britt. (D. apathaceum Pera.) 

Comarum palustre (L.) Marsh. 

Decodon vertidllatut (L.) EH. 

Eriophorum gradle Koch. 

Eriophorum polystachyon L. 

which wi^re usually misBing where the Gaeaandra was dense. The 
shrubby plants in this outlying Cassandra zone were few, the Case- 
andra constituting the great bulk of individuals, and being the moat 
conspicuous as well, but frequently either mixed with it or in nearly pure 
growth, was found the Andromeda, Andromeda PoUfoUa L. (L.) Britt., 
while the cranberries Oxycoccua Oxycoccus (L.) McM. and Oxycoccu$ 
macrocarpiia (Ait.) Pers. were noticeable upon the surface of the Sphag- 
num, Boroetimea on the lakeward side of the zone forming dense mats of 
their delicate vines, but they also were present among the Caaaandra 
bushes. Here also were occasional specimens of Sarracenia and of various 
species of orchids, but none of these were important members of this asso- 
ciation. The zone waa broken for short intervals here and there by de- 
pressions below the water level, and in and around these various plants 
of the lakeward zones peraiat. An indication of the future development 
of the plant growth was found in the numbers of small seedlings and 
young specimens of the Tamarack which were to be seen among the 
Cassandra plants and upon the Sphagnum. 

The Caaaandra in much of this zone was nearly buried by the upward 
growth of the Sphagnum around ita atems, which seemed to serve as 
supports for the moss. The main root system of the shmb and ita 
underground propagating shoots were often two feet below the sur- 
face of the Sphagnum, and practically below the level of the ground 
water during most seasons, but as the Sphagnum surrounds the stems 
of the shrub, adventitious roots are developed, which, if they serve no 
other purpose, must increase the supply of air taken in by the plant. 
It is evident from this relationship of the Cassandra and the SphagnuAi 
that the shrub must eatabliah itself as soon as the moss or before it, 
since the root system is at the very bottom, and often below the moss 
formed peat, and a section of the bog here shows that immediately be- 
low the layer of shrub remains the characteristic structures of the sedge 
mat are to be easily identified. 

The width of this zone, including the fern association, was only two 
or three rods over a large part of ita length, which waa an eighth of a 
mile or more, and it was narrower than this in places. It was bounded 
on the shoreward side by the tamarack zone here composed of both 
Tamarack and Black Spruce, Picea brevifoUa Peck, which, as indicated 
above, is a very different formation from that found on the south side 
of the lake. Here the trees were very densely crowded in some places and 
scattered in others, but immediately along the border of the zone they 
were generally dense. 

At the eaat end was a portion of the zone with trees which are 10 to 
15 feet high, mostly Tamarack, with dead and dying Cassandra under 
them, the dead plants easily recognisable by their well-preserved stems. 
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A short distance shoreward (north) of this area was the beginning of 
a wide Bphagnnm-Cassandra bog, which is described below. 

Continuing west in the tamarack zone, from the part just described, 
the trees were taller and more dense, and the following plantB are found 
growing in their shade : 

Vaccinium corymboauim L. Swamp ^Ineberry. 

lUcioides mucronata (L.) Brittoa. (Xemopantkeg faseicularis 

Baf.) Mountain Hollf. 
Aronia nigra (Willd.) Britt. {Pprus arbuUfolia melanocarpa 
1 Mx.) Chokeberry. 

6aylu«sacia reainosa (Ait.) T. &, O. 
Oxyeoccus Oxycoccua (L.) MacM. 
Oxycoccus macrocarpua (Ait.) Pers. 
Rhus vemix L. 

Ckamaedaphne calyeulata (L.) Moench. (Seldom.) 
Ilex verticillata (L.) A, Gray. Winterberry. 
The herbs include: 

Menyanthes trifoliata L. (In wet places.) 

Sphagnwm. 

Cyprvpedium acaule Ait. Stemlees Ladies' Blipper. 

Vagnera trifolia (L.) Morong'. 

Carex pauciHora Lightfoot. Few-flowered Bedge and other species. 

Dryopteris Thelypteria (L.) A. Gray. 

Woodvxirdia Vvrginica (L.) J, E, Smith. Virginia Chain-fern. 

Other species occurred, but so sparsely in the shade that they need no 
mention here. An interesting species, common here, is Monotropa unt- 
aora L., the Corpse plant or Indian Pipe, whose saprophytic habits ren- 
der it indifferent to shade. 

A stndy of the su1»itratum of peat in this area showed that below the 
Sphagnum was a stratum of woody remains and the roots of the shrabs 
and trees, which was about a foot thick, the lower parts of this being 
poorly decomposed and easily recognizable as shrub remains. There 
liad apparently been some sinking of these upper layers of peat, for the 
bottom of the woody zone was, so far as could be determined, several 
inches below the level at which shrubs are recognizable on the lakeward 
zone, while the water level stands at about the same distance from the 
surface at any given time. Below- the stratum of woody remains, at a 
depth of less than two feet, the top of the sedge stratum was reached, 
eontaining the. characteristic and well-preserved parts of the roobitocks 
of Carex and the other plants of the sedge mat. 

Following along to the west in the tamarack zone or along the marsh, 
about half way down the north side of the lake, the Cassandra zone 
was abruptly displayed by Typha. The Tamarack persisted in a nar- 
row zone, but the Typha passed through and behind it, while from 50 
to 100 feet lakeward in the Typha marsh were numerous young Tam- 
aracks a few feet high. Shoreward of the Tamarack was a rather dense 
growth of Willows, Poplars, much Rhus i-cmt'jr L.,' Rubus strigosun Mx. 
and a few young Elms, Ulmvs Americana L., White Ashes, Fraximua 
Americana L., and Red Maples, Acer rubum L, The Sphagnum became 
very rare, as did the low shrubs, which, until this place was reached. 
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had been very abundant, while Yaccinium corymbosum L., the Blueberry^ 
which had been a characteristic plant, dlBappeared entirely. There- 
were QnmerouB hollows, in which water stood, and the shrubs and 
trees were all on the low hummocks which covered the ground between 
these. The shade of the woody plants was so dense that there were few 
herbs to be found, and the few that were present were unimportant aft 
constituents of the association. The numerous dead tamarack poles, 
and the peculiarly sharp transition from one type of vegetation to the 
other, as well as the peculiar association of plants which existed, all 
pointed to some sudden and violent change of conditions, by which not 
only was the old vegetation entirely destroyed, but the soil and soil 
water relations so changed that the area could not be restocked from 
the unaffected part to the east, before the plants from higher ground 
came in and occupied the vacant space. The indications all pointed to 
severe Are during some dry period at no very remote date, as the agency 
most likely to have caused such a wholesale change and the Are marks 
on the tamarack stumps were additional evidence in' this direction. The 
Are not only killed and removed the vegetation but also burned off the 
loose layers of vegetable debris from the top of the peat, and improved 
its mechanical and chemical composition and thus fitted it for the types 
of plants which now occupy it, but this very removal of the surface 
material brought the surface so much nearer the water level that the 
Typha was able to invade the area, and if any prolonged period of high 
water occurs the new association of plants will be destroyed and the 
former will then be able to close in again. This was already indicated 
by the presence, in the Typha marsh on the lakeward side, of young 
Tamaracks and patches of Cassandra, which were not losing ground in 
this situation. 

At the west end of the lake was a sedge bog, apparently a floating 
mat, with Carcx fHiformis L. as the dominant plant. Shoreward were 
abundant Typtia plants and many Tamaracks from 5 to 10 feet high 
were scattered over it. 

Returning to the eastward, beyond the path of the old Are, and cross- 
ing the bog towards the north, an open Cassandra-Sphagnum tract was 
found. Here the principal plants were the shrubs, Cassandra and 
Andromeda, but Tamaracks and Black Spruces were scattered over the 
bog in considerable and increasing numbers, as was shown by the 
numerous young individuals. In addition to the trees, there were sev- 
eral species of tall shrubs which formed a dense growth around the . 
borders of the Cassandra and were spreading rapidly into and over it, 
as could be seen in many places where the lower shrubs were already 
dead under the taller ones. The plants growing here were: 

Vaccinium corymhoaum L, Swamp Blueberry. 
Yaccinium Canadcnac Richards. Canada Blueberry. 
Tacdiiium Pennsylvanicum Lam. Dwarf Blueberry. 
A?idromeda PolifoUa L. Andromeda. 
Kahnia glauca Ait. Pale Ijaurel. (Bare.) 
Gdyhissacia rcsinosa (Ait.) T. & G. 
lUcioiflea iDucrtniata (L.) Britton. (Border.) 
Aronia nigra (Willd.) Britton. (Border.) 
Oxycoccua Oxycoccua (L.) McM. 

Digilizcd by Google 
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Oxycoccu4 macrocarpua (Ait.) Pers. 

Populus tremuloides Michz. American Aspen. 

Picea hrevifoUa Peck. 

Larix lortcina (DnRoi) Kocli. 

Carex paudflora Lightfoot. 

Carex oligoaperma Micbx. Few-seeded Sedge. 

Eriophorum vaginatum- L. Sheathed Cotton-graaa. 

Eriophorum Virgmicum L. Virginia Cotton-grass. 

Schmcheeria palustrit L. 

Sarracenia purpurea L. 

Monotropa unMora L. 

Sphagnum. 

Polytriclmm. 

Charred Btumps and other remains of trees, mostly Tamaracks, showed 
that here again flre had been inatrumental in removing the older vegeta- 
tion, and in bringing about a renewal of former conditions by letting 
in the light and lowering the level of the ground. 

Here, aa in the Sphagnum-Casaandra zone, the Sphagnum nearly 
bnried the shrubs Cassandra and Andromeda, but where the former was 
very dense, the moss does not persist, and the same was true of it under 
the young Spruces, where it was entirely absent in many cases but went 
on growing upward around the circle formed by the branches of the 
trees until it built up for IS or 20 inches with a steep slope on the side 
under the trees, where the surface was often more than a foot lower 
than that outside. These banks of Sphagnum were commonly covered 
with the vines of the Cranberries and with Andromeda, and less fre- 
quently Sarracenia, Qypripedium acttufc Ait., Monoti'opa unifiora L., 
and young Spruces grew upon them. The water level, in early summer, 
was above'the level of the lowest parts of this area, above that in which 
the roots of the ahrubs lie, but in dry times it gets considerably lower. 
At this place the indications were that the Sphagnum has built up aa 
high aa it can, when it haa reached a height of about two feet above 
the ground water level, and in a few cases it was found that upon the 
top of partially dead mounds of Sphagnum, another moss, Polytrichum, 
had established itself. This is a dry ground type and seemed to thrive 
in this place, aa it does upon the surface of more thoroughly decomposed 
peat. The fate of this Caasandra-Spbngnum bog was plainly to be read 
by a brief study of the area which lay between it and the higher ground 
to the north, for in paasing across this, the margin around the bog 
was covered with dense growth of taller shrubs, Vaccinium corgmbosuin 
L., Aronia nigra (Willd.) Britt., lUcioidcs mttcronata (L.) Britt. and 
Ilex verticillata (L.) A. Gray. Of these, the Aronia nigra {Willd.) Britt., 
the Chokeberrj, is particularly aggressive in occupying new ground or 
that occupied by lower plants, for it sends out long underground stems, 
which in turn develop vertical leafy branches, which grow up through 
the moas and Cassandra thickets, and, overtopping them, soon destroy 
them. In parts of the area to the north of the Cassandra bog, there 
were remnants of an old Tamarack growth under which were tall 
mature ahrubs of most of the species mentioned above, forming a suf- 
ficiently dense shade to keep most of the ground bare except f«ir mosses 
and some few small herbs. Among the Tamaracks there were also good 
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sized trees of Betula Iwtea Michx. f., and less frequently Acer ruJfrum L, 
and Populva tremuloides Michx. In the lighter and more open places 
here, the following herbaceous plants were foand : 

Aralia nutlicaulia L. Wild SarBaparilla. 

Cypripedium acaule Ait. 

VnifoUum Canadense (Desf.) Greene. 

Woodtoardia Virginica (L.) J. E. S. 

Sphagnum. (In lowest wet places, in beet light.) 

Carex canescen* L. Silvery Sedge. 

Carex trisperma Dewey. Three-seeded 8edge. 

Ptcridium aquilinum (L.) Kufan. (Pteria aquiltna L.) Common 

Brake. 
Coptig trifoUa (L.) Balisb. 

In addition to the ehrubs, young specimens of Betula httea Michx f. 
and Acer ruirum L. were common. 

The peat here was of a granular structure near the surface, and is 
reddish brown in color. In early summer, the water stands near or at 
the Barfa<% of the low places and unless the season is very dry, does not 
get very low at any time. The top layers of peat were composed of the 
remains of branches, and other woody parts of trees and shrubs, with 
well-marked layers of leaf remains intermixed, extending down a foot 
or more from the surface. This layer was compact, and filled for sev- 
eral inches with the living roots of the ti-ees and was coarsely granular 
in structure. 

The peat in the Cassandra zone was much leas granular, was softer and 
wetter, and was made up of the easily identified remains of Sphagnum 
for about a foot or a foot and one-half from the lowest places upon 
the surface. Below this was a thin stratum of shrub remains, char- ' 
acterized by well-preserved branches and stems of the shrubs, and under 
this within two feet of the surface, where the tests were made, the 
sedge tarf was reached and abundant root-stocks and other parts of 
the Carex and accompanying plants were present and were brought to 
. the surface. 

Bordering upon this region of mature Tamaracks and covering a 
large part of the shoreward residue of the swamp, was a very dense 
growth of Poplars and Willows, interrupted frequently by shallow 
pools of small extent. These pools were bordered by Typka, various 
species of Carex and often by the low growing shrub Willows. Every- 
where through this area were found the scorched remains of Tamaracks 
and Spruces, in many places the stumps with the roots almost entirely 
exposed, showing a considerable lowering of the surface level of the 
peat. It was evident that here again fire had changed the conditions, 
modified the structure of the soil and lowered its surface, and the pres- 
ent plant growth was of very i^scent origin. The presence of young 
Tamaracks under the Poplars was an indication that a new cycle has 
begun, which may eventually restore the Tamarack to its dominant posi- 
tion. 

At the outer edge of the north side was a well-marked fosse, or mar- 
ginal ditch — an open «pace usually covered with water from 1 to 2 feet 
deep, and supporting a dense growth of Carex riparia W. Curtis and 
Ti/pha. 
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This sort of depression is nearly always present about the margins 
•of peat deposits of this type, often extending entirely around them, and 
is generally wholly or partly filled with water, at least in wet seasons, 
snd has an association of plants similar to that found here, the list of 
which might be considerably extended, 

Similar phenomena have been discussed by McMillan,^ who attributes 
the formation of Sphagnum atolls to "a season of gradual recession of 
the waters, followed by a season of comparatively rapid increase in area 
and level." Atkinson' attributes this ditch to the rapid and luxuriant 
growth of the original plants which establish themselves three or four 
meters from the shore and build up a deposit, from which the filling 
b^ns to work, lakeward, "shutting off the shallower water near the 
shore from the deeper water of the pond." 

In the numerous examples of this part of swamps and bogs of Michi- 
gan examined by the writer, it has seemed that the efiQcient cause in 
their production was the fluctuation of the water level through rather 
brief intervals and the constant recurrence of such fluctuations. These, 
as has already been pointed out, are attendant upon the variations in 
the rainfall, and the water level in the lakes, and depressions, may vary 
one, two, or more, feet every few years, and may remain at the low water 
stage for several years in succession, as has been shown is the case at 
Whitmore Lake, where the low water period was sufficiently long to en- 
able young Red Cedar {Jumperua Yirgimana L.) trees to establish 
themselves and reach a height of several feet on the abandoned lake 
l>ottom, before the water rose again. A. similar drop in the water level 
took place at Bock and Bass Lakes in Montcalm county, the water being 
-over two feet lower in 1891-1897 than in 1904. In like manner many 
shallow depressions which have been under cultivation during dry 
periods are, at the present writing, ponds. It is also a matter of ob- 
servation that, during dry times, the water does disappear from these 
marginal ditches for long periods during the summer and fall, the 
'bottoms becoming qnite dry and this has the effect of destroying much 
of the hydrophytic vegetation which has established itself and also of 
thoroughly decomposing and disintegrating the organic matter which 
lias accumulated during periods of high water, thus lowering the sur- 
face below that of the area directly above the zone of permanent water, 
which, being covered by a thicker layer of vegetable df^bris, is kept wet 
"by the upward capillary movement of the water from below its surface. 

Besides Mud Lake, a considerable number of other lakes were visited 
In which the sedge, Typha or similar floating mats were present, 
and in each of these practically the same plants were found. An in- 
teresting variant from the mat described above is that at Frain's Lakes, 
in Sees. 9 and 10, Superior township, Washtenaw county (Tp. 2 S., R. 
7 E.) at a small pond on secton 11, Northfleld township, Washtenaw 
county (T. 1 8., R. 6 E.), at ling's Lake, Davison towusliip, Genesee 
county (T. 7 X.. R, 8 E,), and in parts of other lakes visited, in which 
the plant making the advance from the margin was Decodon verticil- 
latvs (L.) Ell., mentioned as occurring at Mud Lake rather rarely. This 
made dense borders around the entire body of water on the two last 
lakes cited above, and was present upon the entire front of the advanc- 
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ing mat at Frain'a Lakes. This plant is capable of forming inaasea of 
Bteme which bend over and root at the tips, at the same time makit^ 
rather dense shade. Tbe stools which they form are slightly higher than 
the water surface and such plants as can endure the shade and water, 
associated with the Decodon by establisbing themselves upon these 
stools, and following in behind the advance of the Decodon, the sedges or 
Typha occupy the surface of the deposit. The Decodon stems die down 
each year and the advance of the plants at Frain'a Lakes could be dem- 
onstrated by the existence of a number of concentric lines in tbe sedge 
.mat, parallel to the present shore, in which there were a few plants 
of Decodon, less thrifty and smaller than those at the 'present water 
margin.' At Frain's Lakes the filling was in the middle of a long nar- 
row depression, the mat having apparently built out from the north 
shore towards the 'SOuth for a portion of the length of the valley and 
the rest of it, except at the east end of the east lake, is practically with- 
out any peat. The filled portfoo of the valley is nearly a fourth of 
a mile long and is, much of it, still covered by floating mat, through 
tbe lowest part of which is a channel connecting the t^'o lakes. 

Lakes with sedge mats are illustrated by the south shore of Half Moon 
Lake, in Gratiot county. h\ numerous examples in Livingston, Wash- 
tenaw, Isabella. Oakland and Ingham counties. In Roscommon and 
Wexford counties the localities visited were depressions which had 
been completely closed in, and, while it was apparent that the same 
plants as those noted in Mud Lake were present and had been actively 
engaged in the process of filling, the advanced stage of the deposits made 
the exact steps of the process not so apparent. 

The Waivr Plants and l?cdge in Relation to ihe Peat. 

If the sedge or Typha mat, as long as it is afloat, does not support 
any considerable number of other 8x>ecies of plants than thowe making 
it, and these are superficial upon the surface of the mat. and if the peat 
is gradually built up under the mat until this no longer floats,, it is 
evident that the sedge must be considered as the chief agent in filling 
in the space between the under surface of the mat and the top of what- 
ever deposit the water plants and other agencies have formed below, un- 
less a circulation of water below tbe mat brings in and deposits debris 
formed outside its edge. This hardly seems probable to the writer, but 
his investigation has not gone so far as to lead to a final conclusion. 
Until such a conchihion is arrived at the alternative that the com- 
pletion of the filling of the area under the mat is due in part to thick- 
ening of the mat, and, in i»art. to material which falls from the under 
aide of it while it is Iieing thickened by the growth of sedge above, must 
be accei>ted. 

The final stage in the filling of deep depressions is reached when the 
mat closes over the water surface entirely, and the water below is so 
_ filled with peat that the entire surface becomes firm. After this the 
surface is built up above the water level by succeeding plant societies 
which are represented in the zones at Mud Ijake. 

After the water of the entire lake has l)een covered it is nsnnlly diffi- 
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colt to determine whether the method here described has been that by 
which it was acconipliBhed or not, but if soundings show the basin to 
be a deep one, a vertical section will usually give proof that' the sedge 
has been a chief factor in the later stages of lake destruction. 

Following the time when sedges or other advancing plants have closed 
in over the surface of the open water of a lake or pond, however, the 
mat slowly thickens, as has already been pointed out. both by the 
building up of the surface, through the accumulation of vegetable dtSbris 
and by the sinking of the mat, partly through the replacement of air 
and other gases held in the plant tissues by the water, waterlogging, 
but more because of the increased load upon the surface, after the 
heavier tree associations become established. This sinking is, however, 
a slow process, and only goes so far as is necessary to establish equili- 
brium, i. e., until the mat is built up sufBciently to sustain the weight 
upon it. The thickness of this mat, even at its maximum development, 
is small relative to the entire depth of the deposit, rarely more than 3 
or 4 feet, and in but a single cane in the series examined, showing as 
much as 6 feet of inaterial, which could be considered true mat, before 
the fluid, or semi-fluid, structureless peat below the mat was reached. 

In considering the phenomenon of the thickening of the mat in this 
type of peat deposits, it is probable that in some cases there has been 
a gradual and permanent elevation of the water level, amoimting to a 
foot OP more, due to interference with the drainage from the basin, as 
the mat covers more and more of the water contained within it, and a 
lessened evaporation from the surface as the area of open water becomes 
more and more contracted by the growth of the mat. This interference 
with the drainage can readily be seen in most lakes with outlets, which 
are partly covered by sedge mats, but the difBcuIties in the way of 
secnring absolute confirmation of the effects of such interference on the 
water-level, are such that none can be presented here. 

Another factor to be considered in accounting for the thickening of 
these structures is the periodic elevation of the water surface due to 
cycles of increased rainfall, during which, for longer or shorter times 
the ground water level is raised, together with that of takes, as has 
been pointed out in another place. While the floating mat undoubtedly 
t rises with the water level to a considerable extent, there are parts of 
it which do not respond quickly to changes of level, and upon these the 
water is increased in depth in times of high water, so that water plants 
may establish themselves, and the plants already present may grow 
above the level at which they did before the rise occurred, thus increas- 
ing the thickness of the mat by adding to its upper layers new strata 
of rootstocks and roots. 

It seems to be generally true, however, that whether the water has 
risen over the mat. or the mat has sunk below the water, the changes 
have gone on very slowly, often at about the rate at which the surface 
of the mat has been built up, since sections of these thickened surface 
structures show that during a large part of their history the plants 
forming them have been those which thrive either at or just below the 
water level. 

The fact that many of tiie apparently filled lakes of Michigan have 
been Povered by such thickened mats as those describe*! above, rather 
than filled, has been discovered, to their great cost and embarrassment. 
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by the railroads of the state and the engineerB hi charge of their con- 
Btruction and maintenance. The level, comparatively open surface of 
such bogs, as ^'ell as the apparent stability of the substratum offer 
special attractions for laying out railroad lines, which have often beea 
irresistible to locating engineers. Apparently the errors have come from 
false estimates of the solidity and stability of the peat, gained by the 
use of inefficient sounding tools in the preliminary testa made to esti- 
mate the depth and stability of the substratum, for these tools will give 
samples which are very deceptive, since they generally show solid peat 
from all depths if they pass through a few feet of it, near the top of 
a deposit, bringing nothing from the fluid mass below. 

This relatively thin covering stratum, usually only 3 or 4 feet thick, ' 
for a time after the line has been constructed, has borne the additional 
weight of grade and track and has endured the trafBc, but sooner or 
later the track baa sunk under an unusual load imposed upon it, by 
the passage of a heavily loaded train, op has persistently moved from 
its proper alignment under stress of continued' use, because of the un- 
stability of the peat substratum. Such bogs have given much trouble 
along the lines of the Pere Marquette, Ann Arbor, Michigan Central. 
Grand Trunk and other railroads in various places, and in the Northern 
Peninsula are still causing more or less anxiety along the lines of some 
of the more recently built roads. 

A case notable in the annals of railroad engineering is described by 
Waterbupy,' from whose paper the accompanying facta and Figs. 5 to & 
have been taken. 

The road was originally built with a single track, and a large amount 
of timber was used to form a foundation for the roadbed, which was 
built above it, Tbis is shown in Pig. 5. For a considerable time thia 
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single track was sufficient for the needs of the road, and little diffi- 
culty was experienced from the instability of the substratum until 1902, 
the track ivsis doubled. In the process of this work "the dirt, which 
was dumped by the side of the existing embankment, gradually sunk 

iWaterbury. L. E., Haslett Park slnk-halK on the Grand TruBk Railway. The MIChiKan Engineer 
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out of Bight, leaving a pond of water, at ttie same time forcing the track 
and right-of-way fences out of line." (Pig. 6.) 




ijdei. Tbe dolled llnea show 



The displacement of the fence was 38 feet from its original position, 
and of the track more than 19^^ feet. The weight of the material for 
widening the old embankment broke the mat, carried down with it a 
portion of tbe old filling as well as tbe peat below it, bo that the track 
sank whenever trains passed, sometimes a half foot, and this would 
have to be raised by filling before the track could be used again. In 
filling the opening permanently about 30,000 cubic yards of material 
were used before the track stopped sinking. (Fig. 7.) 



In this figure also is shown the peculiar rising up of the mat, which 
amounted to at least 6 feet, caused by the displacement of water and 
soft peat below it, by the material used for filling. 
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Fia, 6* Profile ol s s«ctioa ot the bog along Ihe line of Ihe track. Figures on' the right. eteTatlon 
above the sea level. 

In Fig. 8 is shown a profile of a section of the bog along the line of 
the track, the greatest depth being about 28 feet. In another, larger 
bog, on the line of the eame railway, and less than 6 miles from the 
one described, there were used more than 60,000 cubic yards of filling 
in making the changes from single to double track. This depression 
was 55 feet deep. 

The bog at Haslett Park was visited by the writer in June. 1905, and 
while considerable change had taken place in the vicinity of the sink- 
hole as described above, the elevated portions of the mat were still 4 feet 
above the water level, the shrinkage being in part due, in all probability, 
to the drying of the peat and to a certain extent, also, to changes of 
water .level. 

The snrface of the bog was covered by the remnants of a forest of 
broad-leaved trees, mixed, in places, with Larix laricina (Du Boi) Koch, 
Tamarack, especially near the place where the sinking of the track had 
occurred. The following broad-leaved species of trees and shrubs were 
noted here: 

Vlmne Americana L. White Elm. 

Quercus macrocarpa Michx. Bur Oak. 

Quereus platatwidcs |Lam.) Sudw. Swamp White Oak. 

Quercufi rubra L. Red Oak. 

Acer nibnim L. Bed Maple. 

and a few other species forming a partly cleared zone around the shore- 
ward margin. In a somewhat more open area extending from the edge 
of this to the sink-hole were scattered young specimens of some of these 
species, together with larger and more mature ones of: 

Larix laricina (Du Boi) Koch. Tamarack. 

PoptiJus tremuloidea Michx. Common Aspen or Poplar. 

Salix nigra Marsh. Black Willow. 

Brtiila lutea Michx. Yellow Birch. 

Fraxiniia nigra Marsh. Black Ash, 
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As undei^owth appeared tbe ehrubs: 
Corylus Americana Walt. Hazelnut. 
Rhus Vermx L. Poison Sumach. 
Betula pwmila L. Dwarf Birch. 
Aronia nigra (Willd.) Britt. Choke-berry. 
Rosa Carolina L. Swamp Wild Bose. 

Sphagnum was found covering small areaa north of the right of way 
of the railroad and, in spots along the recently made cnt through the 
raised portion of the mat. Sphagnum peat formed bummocka from 1 
to 3 feet high above the general surface. A section through one of these 
gave the following results: 

Living Sphagmim , 6 in. 

Light colored, poorly decomposed moss peat 

with remains of shrubs and other plants 2 ft. 

Light colored moss pent with abundant root- 
stocks of Dryopteris Thelypteris (L.) A. 

Gray. Marsh Shield-fern 3 in. 

Below which was: 

Coarse brown peat with tree roots and stumpa 2 ft. 6 in. 

Shrub remains 2 in. 

Finer and darker peat with sedge remains 
* abundant 2 ft. 

In a section through the moat elevated part of the upturned mat, where 
there was no Sphagnum, measured from the top to a distance of a foot 
below the water level, the following strata could easily be made out : 

Surface litter 6 in. 

Brown, coarse, poorly decomposed peat filled 
with tree roots and occasionally stumps. . . 2 ft 3 in. 

Shrub remains 3 in. 

More, compact darker peat with rootstocks of 
the Marsh Shield-fern abundant 2 in. 

Fine grained, dark colored peat, without re- 
mains of woody plants, but quantities of 
sedge and Bulrush fragments 2 ft. 6 in. 

In some parts of the cut, layers of charcoal, the evidence of former 
flres were noted from 1 to 2 feet below the surface of the pushed up por- 
tion of the bog. The thin strata between the shrub and sedge remains, 
which had masses of the characteristic and easily identified underground . 
stems of Dryopteris Thelypteria, the Mai'sh Shield-fern, were not always 
present, but were found in several places in the cut. 

Below the stratum of sedge remains it was not easy to determine the 
remaining strata because of the depth of water present, but the peat 
was very dark colored and had little structure, although fragments of 
sedge leaves and rhizomes were occasionally found. 

In a mass of this sort of material, probably from a lower level than any 
of the sections above, seen on the south side of the electric railway and 
at the west end of the uplift, the flue gi-ained, structureless character 
was very noticeable, yet, even in this, fragments of the characteristic 
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sedge remains could readily be made out, although not so abundant in 
it as in the material in the other sections. 

Id a second uplift, to the east of the one described, and on the south 
side of the Grand Trunk Railway, the elevation was a little over i% 
feet above the water with great cracks a foot or more wide, radiating 
from it, to the south. A section of this uplift gave tbe following strata 
from the top down: 

Litter and living plants 4 in. 

Coarse peat with tree roots 2 ft. 6 in. 

Shrub remains 6 in. 

Fern rootstocks 2-4 in. 

Sedge rootstocks, leaves, etc 1 ft, to 1 ft. 4 in. 

Water-level, below which no examination was made. 

From these sections it is evident that in this instance the foundation 
of tbe mat was built up, as has been already shown, by ihe water-loving 
sedges, but that the upper portions had been formed largely by the 
woody plants, of which the trees, with their attendant plant associates, 
were the most important. 

In these sections it will also be noted that the orderly succession of 
types, described as occurring on the surface of many similar localities, 
is here clearly recorded in the superposed layers of the mat which is 
the substratum of a mature swamp forest. 

Succession of Plants Upon the Peat After the Grounding 
of the Sedge Mat. 

There are certain types of plants which apparently are always ready 
to reach out from the dryer places, and establish themselves in the 
open areas which are offered by the surface of a peat deposit formed 
as indicated above, and whenever a change in the elevation of tbe sur- 
face takes place in any way they are quick to take advantage of it. 
Chief among the plants to appear upon the sedge mat, even before the 
surface has been raised above the water level are several species of 
aquatic and semi-aquatic niossea, the most noticeable ones belonging 
t© the genus Hypnvm, or more rarely, Sphagnum. On the first eleva- 
tions, an inch or two above tbe surface of the' water, the plants which 
appear first are principally herbs, the most conspicuous and generally 
distributed species being the Marsh Shield-fern, Dryopteris Thelypteris, 
which is usually accompanied by a considerable number of plants found 
with it at Mud Lake, alt of which are more or less able to add to the 
deposit upon which they grow and build up the surface, when they, in 
turn, are displaced by more aggressive types. 

The Dryopteris and its accompanying species not infrequently form 
well-marked zones where conditions are favorable, but tbey are more 
often found in patches, in places where drift material has lodged at 
high water, or in scattered small groups, or on hummocks formed by 
the stools of sedge, stems of Typha, etc. 

The fern association was not always a noticeable element of the 
flora of the sedge mat, but as the same may be said of all other types 
as well, this is not significant. 
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Following the fern, the Sphagnum moss is often found encroaching 
upon the sedge, uenally starting upon the fern "islands/' so that where 
the fern aaeociatioo is well represented, ^11 stages of its introduction 
are to be found. Bphagnum grows with erect, more or less branching 
stems, -which crowd so closely t<^ther that they form a dense cover 
to the surface of the parts of the bog upon which they grow, the upper 
parts of the plant continuing to grow after the lower part is dead, 
and in favorable places they may build the surface up to a height of 
two feet or more, especially where they are associated with shrubs. 
Some species persist and eveu thrive when the mat is flooded by water. 
These mosses are so much more vigorous in their growth than the 
Bi^nums that they are more easily seen and more generally known, 
and to them is frequently attributed the formation of all peat, in fact 
they are known as the '"peat mosses." The Sphagnums are not inva- 
riably found in Michigan in the types of swamps under discussion, in 
fact they rather seldom occur in places where they might be expected, 
less than 30 per cent of the number of lakes, marshes and bogs visited 
on the course of this investigation, having any Sphagnum, even when 
other bog plants were present. The order of the appearance of the 
Sphagnum is apparently invariable, so far, at least, as the species which 
build the abundant surface coverings of the marshes and bogs to which 
they give the name are concerned, for not only does it exist in the south, 
as illustrated by the Mud Lake and Dead Lake developments, but in 
Gratiot county at Half Moon Lake, Montcalm county at the west end 
of Bass Lake near Vestaburg, in Wexford county, in the bog near 
Hobart Station, and in several localities in Roscommon county, espe- 
cially near Boyce Lake in Tp, 21 N., E. 3 and 4 W., it is the invariable 
order of snccession. 

The same relationship has been noted by the writer and is shown by 
Whitford' to exist in the northern part of the state on the islands in Lake 
Michigan and is indicated less clearly by Coulter'' for the same region. 

At about the same time, or level, at which these mosses appear, some- 
times with them, sometimes by themselves, before them, certain shrubs, 
and a few species of trees make their advent in suflicient numbers to 
give character to the vegetation. 

While these may appear often as scattered individuals upon the 
sedge mat or with the ferns, they are there simply stragglers, but at 
the level slightly higher than that at which the ferns are most promi- 
nent. Willows of a number of species, a variety of heath plants, the 
Dwarf Birch, and other shrubs, such as Myrica Gale L., the Sweet Gale, 
and Loniccra oblonififuUa {Goldie) Hook, the Swamp Honeysuckle, be- 
come common, make good growth and often cover the surface com- 
pletely. The tree species whichfirst establishes itself is the Tamarack, 
which/Often appears as isolated individuals on the open bog in advance 
of other woody species, but in denser growth is apparently restricted 
to the same level as the shrubs or a slightly higher one, 

'Whlttord H. N. Bol. Gai. 31. 1902. pp. 313-314. 

"Colter. 8- M., An Ecological Comiianson or Some Typical Swamp Areas. Kept, Mo. Bot. Card. 
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Some Ecological Factors Which Control TlUa Succeaaion. 

The plants of this association have given students of the peat b(^ 
flora much difficulty, and writers upon plant ecology have made many 
attempts to explain their peculiarities of structure, and to reconcile 
these to their habitat, but no wholly acceptable theories have yet been 
advanced. 

Ilie shrubs which make their appearance at the water level indicated 
above, have especially well-marked adaptations to reduce the transpira- 
tion of water, that is, they are xerophytes' or drought plants while they 
lire under conditions where there is a large excess of water, apparently 
always available. Some of the adaptations found in these shrubs are thick- 
ened leaves, thick, dense cuticle, glaucous (or waxy), or, less frequently 
scnrfy, wtiolly, or hairy, and, in case of Oat/luasaeia, resinous, covering 
for the leaves, especially on the under side and for the young twigs. The 
leaves are elongated or narrowly linear in form, often rolled, i. e., re- 
duced in size, or in the case of the conifers, short needle or awl-shaped, 
or reduced to scales. 

Schimper' attributes this peculiarity to impeded absorption of water 
by the roots, caused by the presence of humus acids in the peat. Liv- 
in^ton,' however, has pointed out that "Bog waters do not have an 
appreciably higher concentration of dissolved substances than do the 
streams and lakes of the same region," and it is therefore evident that 
any effects produced by the bumus acids must be chemical, if they are 
present at all, because the osmotic effect of bog water is that of ground 
water generally, and will be as readily absorbed by roots. 

Whitford* adds to the above the factor of "insufficient aeration of 
the soil, which prevents a healthy growth of the root system of land 
plants, and also bars the presence of nitrifying bacteria." Adding that 
"These probably bring about xerophytic structures of the plants so 
commonly seen in hydrophytic habitats." Cowles' states that N. H. Silison 
attributes the differences between the hydrophytic and xerophytic swamps 
to differences in food supply. It has also been suggested that the dif- 
ferences in temperature between the water about the roots and that of 
the air around the foliage of the plants in the open swamps and bogs, 
produces a tendency to excessive transpiration accompanied by slow 
absorption from the soil, the roots' activity being reduced while that of 
the leaves is accelerated, thus producing a need of protection agfdnst 
the loss of water which causes the xerophytic structure mentioned. 

A comparative study of the plants of this shrub society and its 
habitat has made the following interesting facts apparent: 

Ist. The area of swamps upon which these plants become dominant 
is fixed so that it no longer rises and falls with fluctuations of the water 
level of the lake, "hence the water rises and falls in the peat as it does 
in other soils, often as much as 15 feet in peat deposits around ponds. 

2nd. During periods of minimum rainfall, the water level may fall 
sufficiently to leave the Sphagnum and the upper layers of the peat 
very dry, sufficiently so that they will readily burn, as is shown b,v the 

■ Sdiimptr. Op. rti. i>p. -t-J7. 

'.Schimper. A. F. W.. Op, cil., pp. 4 and 111. 

■ Livlnpston. B. E.. Bol. Om. BT ; 383-38S. May IMM. 
*W!ill(ord, H. N., Op. cil. p. 314, 313. 
'Cowl<^, Luc. dl. pp. 76-7B. 
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ertenaive areas burned over at Mud Lake and in a number of other 
localities visited, in which from one to three feet of peat have been 
buraed off. These dry periods may last for several yeara and during 
their continuance the habitat is actually, not potentially, very dry. 

3rd. From peat, unless thoroughly decomposed, llecauBe of its 
mechanical structure, it is difficult to extract water by any means ex- 
cept heat, the water being held in the cell and vessel cavities of the 
partially disintegrated vegetable matter so firmly that the strongest 
pressure will not force it out, beyond a certain limited amount, and 
centrifugal force is equally ineffective. 

These facts have been established by experiments in attempting to 
prepare peat for fuel without heat, and make it apparent that plants 
growing with their roots in peat in which the water content does not 
approach saturation will have difBculty in extracting sufficient for their 
needs. In other words, peat above the water level is structurally a very 
dry soil. Moreover, when it is once thoroughly dry, or even only air 
dry, peat does not readily absorb more than a small per cent of water, 
and a block of the material may be exposed for days to water without 
becoming wet through, because certain soluble matters in it become col- 
loidal in drying and form a nearly insoluble coating in the outer layers. 
This property tends to prolong the period of drought in a bog that has 
been dried out. 

Direct experiment with plants has demonstrated the' soundness of 
these conclusions, for as long ago aa 1875, according to Warrington,* 
Heinrich' reported that various crop plants required much more water 
when grown in peat to prevent wilting than in other kinds of soils, and 
that in the case of the potato the amount of water required was 41.4 
per cent of the weight of moist, or 70.8 per cent of dry peat. This 
amount is very much greater than that required in any other soil, as 
is shown by the following table : 

Parts of Water per 100 of Dry Soil. 

Absorbed from 

Type of soil. When plants wilted. moist air. 

Coarse sandy soil 1.5 1.15 

Sandy garden soil 4.6 3.00 

Fine humus sand 6.2 . 3.98 

Sandy loam 7.8 5.74 

Calcareous soil 9.8 5.20 

Peat 49.T 42.30 

In experimenting with crops on peaty lands, it has been demonstrated 
that the peat must contain more than CO per cent of its weiglit of water 
to yield productive crops, ' If these results are correctly reported, it 
appears that peat may appear very wet. and yot contain no water 
which is available for plants growing in it, so that those which habitu- 
ally grow at levels of iwat bogs where the surface strata can dry out, 
must have xerophytic adaptations if the climate is such tliat drying 
out of these levels may occur. These conclusions are supported, in 
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part at least, by the teatiinony of many farmera in the region under 
diacuBsion, who report that crop plants suffer more severely from 
drought during dry times on muck or peat soils than upon other types. 
Experiments with our native plants have been planned to test the cor- 
rectness of thrae conclusions, but it is too early to report upon them at 
this time, 

{i.) Not only must perennial plants endure, from time to time, the 
difficulties of real drought iu peat bogs, but they must also be able to 
stand excessive wetness about their roots for long periods and the heath 
plants, Betula pumila, and several species of Salix and a few others 
are able to do this for at least three years without being injured, for 
the writer has had these species under observation where the water 
level has been raised more than a foot above its former height upon a 
heath bog for that length of time, and the plants still survive in a fairly 
good condition, while other species, more sensitive to water, have died. 

(5.) In the heath zones and heath swamps of the southern part of 
the Southern Peninsula of Michigan there are more species of shrubs 
and trees near the water level than in the north, and as the surface of 
the peat is drained even slightly, species of plants occupy it which 
never, bo far as observed by the writer, are found in the same sort of 
habitat at the north, but grow in the dryest and poorest soils there. 

A most striking example of this is Aralia htspida Vent., which was 
a common species on the peat deposit at Chelsea, now being utilized 
for the manufacture of fuel. Proceeding northward some species leave 
the peat soils entirely and are only found upon dry and poor soils, while 
others still remain in them but only around their borders at a well- 
defined distance above water level, while others still are found at the 
water level as far north as observed. The following notes illustrate 
this: 

Ga^htesacia resinosa is common at Ann Arbor, both in and out of 
the bogs, growing as freely on light sand as it does in the bogs, but 
not BO tall. 

In Gratiot connty it was rare in bogs, but very common in the dryest 
places on poor sandy soils, while in Roscommon connty it was not noted 
at all in the swamps although very abundant as a sand plant. In 
Tuscola and Huron counties it occurred as a sand-dune plant. It en- 
dures shading well wherever found. 

Dasiphora fruticoaa (L.) Rydb., at Ann Arbor, is an occasional con- 
stituent of the open bog and marsh flora, in the heath zone, but occurs 
upon a very dry hillside at Lakeland and further north in Huron and 
Tuscola counties it was found only upon sandy shore lines; still farther 
north, however, it was noted in bogs, as well as on sandy soils. 

Vacciiiium Canadcnae, in the vicinity of Ann Arbor, is found usually, 
if not always, in the peat bogs, and in Gratiot county it is still a peat 
plant, but is found growing uppn mineral soils in dry places as well, 
while in Roscommon county it Ib the moat common sand and dry ground 
blueberry, covering sandy ridges and flats, wherever the ground was 
open enough, and was not listed from the peat bogs at alt. 

Vaccinium Pcnnsylvanicum does not occur in the lists made by the 
writer about Ann Arbor, except at Mud Lake, as noted above. At 
Alma, Gratiot county, it is found upon the dry and sandy knolls, but 
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sometimes in the margins of ewampa as well. In RoBCommon coiiDt; 
it occurs on dry sand commonly and was not noted elsewhere. 

Tacciniwn corymbosum. In Southern Michigan wherever found ia a 
plant of the heath association, often in the very wet part of the Bwamps, 
and persisting after the surface gets quite dry, and also under Oie 
shade of the taller shrubs and trees. At Alma it is still a plant of the 
same association, and was not seen in the bogs examined farther north, 
but ia New England it grows commonly on high and dry ground as 
well as in the swamps. • 

Aronia arbuUfolia and A. nigra (Willd.) Britt., the latter more fre- 
quently, grow very commonly and with great luxuriance in many of the 
heath swampa in Washtgnaw and Livingston counties. In Gratiot 
county the latter species occurretl both in the peat and on dry sandy 
soils, and in Roscommon county it covered the sandy hillsides from the 
top down nearly to the water level, but was not recorded in the swamps, 
«xcept as a straggling plant in the dryer parts. 

Ilicioides mucrotiata (L.) Britton, is always a plant of the heath 
swamps about Ann Arbor, so far as observed, and is often found grow- 
ing in very wet Tamarack swamps in the shade, to large size. At 
Alma it was not common, but grew in wet swamps where found. In 
Roscommon county it grew only on the borders of the bogs, often form- 
ing a distinct zone on the mineral soil on the borders of the bogs, from 
about a foot above the water level to 3 or 4 feet above it, starting in 
above the Cassandra. In Wexford county it was found growing in a 
rather dry and shallow peat deposit, near the margin. 

Ilex v&-ti(Hllata is rather common in the vicinity of Ann Arbor, in 
the wet parts of peat swamps, often in the shade. It. also grows well 
in other swamps and on mineral soils near the water level, where it 
endures the shade well. In Gijatiot county it is very common in wooded 
and open swamps, and is not uncommon in the borders of swamps. 
In Roscommon county it was found mainly on the borders of the open 
swamt>s with Ilicioides, but was also found well distributed in the 
Cedar and Tamarack swamps, and was noted as growing from these 
up to a height of 3 or 4 feet above the water level on the mineral soil. 

Cassandra, as found in the south, ia always a plant of peat hogs and 
of the wettest parts of these, probably never establishing itself more 
than a foot above the waiter level, and hfis not been observed in the 
region of Ann Arbor, growing on mineral soil. In Gratiot and Mont- 
calm counties it ia usually found in the peat bogs, but at Bnas Lake 
it grows well upon an ice-formed sand ridge at least three feet above 
the level of the lake, and shows in some of the boga a tendency to grow 
above the water level. 

In Roscommon county, while it makes luxuriant growth in the swamps 
and bogs, it seems to avoid the very lowest parts of these and is found 
making well-marked fringes around the wet sedge bogs extending out into 
these upon fallen logs and creeping up the sandy banks of the Sphagnum 
swamps, where it also covers the whole surface. It was noticed well 
established near Boyce Lake as much as 4 feet alrove the water level, 
growing in sand, and mixing with the Sweet Fern, which covered the 
higher parts of the slopes. 

Katmia glavca Ait. is a rather common plant in the region studied 
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and associated cloeely with Cassandra, but was not aeen outside the 
bogs. 

Andromeda PoUfoUa L. is found at Ann Arbor in the wet part of the 
heath zone, and as far as studied shows do indication of leaving the 
water level or of growing in mineral eoil, for in BoBcommon and Wex- 
ford counties it was always found as far out in the eedge zone as any 
shrubby plant. 

lietula pumila L., as it occurs about Ann Arbor, is common in the 
we^ parts of the swamps and marshes in which it occurs, but persists 
after the water level has been lowered by draining and in a single case 
has been found in a moderately dry situation growing in mineral soil, 
at least three feet above the water level. Farther north it keeps in the 
peat bogs in the very wet places and does not get above the water level. 

Myrica Qale L. was only found in Roscommon county growing in the 
wet zones of the marshes and bogs with the sedges. Farther north, 
however, it was seen frequently in sandy soil above the water level. 

Ijedum Oroenlandicum Oeder, the Labrador Tea, was another species, 
found only in the northern part of the region studied. In Hobart hog 
it was growing in the higher levels of the Sphagnum zone and in the 
tree zone, where it bore the shade well. In tiie vicinity of Boyce Lake 
it was apparently more plentiful in shade than in the open, and grew 
in the better drained situations slightly above the water level and some- 
times in mineral soil. 

Saliw myrtUloidea L. and 8. Candida Fl., the most interesting of the 
various Willows which grow in the heath swamps show little change in 
their relation to the water level throughout the region studied, both 
keeping near the water and showing no greater tendency to grow away 
from it at the north than at the south. 

Spiraea tomentoaa L., an Ann Arbor, is occasionally found growing in 
the peat bogs and more rarely on the wet shores of lakes, a foot or so 
above the level of the water. In Montcalm county this plant grows on 
the borders of a few bogs, but was not found growi£ig in them. In New 
Hampshire the species is frequent in dry and barren pastures, where it 
tak^ the poorest and dryest places. 

The Tamarack, in the region about Ann Arbor and southward, is a 
bog or swamp tree, seldom occurring outside of peat deposits, and usually 
very near the water level. It has been plante'd on high ground in the 
city and has grown well there. In Gratiot county the tree is sometimes 
found on high ground around swamps, while on Mackinac Island it is. 
found growing at all elevations and in all kinds of soil, making a fairly 
constant element in the second growth forest. 

Enough species have been cited to show the marked tendency which 
these bog shrubs and trees have to leave the bogs for higher ground and 
a type of soil where the water level is low and the soil moisture scanty, 
and to indicate that in the more southern part of their range plants may 
be confined to the bog habitat and in the northern to truly xerophytic 
conditions on mineral soil. 

From the consideration of these facts follows the conclusion that 
many, if not all the "bog xerophytes" of the peat swamps of Michigan 
are bog plants only in the southern part of their range, and that many 
of their obvious adaptations for protection against drought are needed 
in their ordinary habitat in the region of their greatest frequency and 
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widest dispersal and these eaable them to persist in bogs and swampB 
during constantly recorring dry periods towards the southern limits of 
their range. 

(6.) The plants given in the above list, many of them, have fleshy 
fraits, which are attractive to birds, and aid in secnring the dispersal 
of their seeds. An observer has only to visit one of these heath swamps 
during the time when the various fruits are ripe to see how attractive 
these are in color, form and size, to the fruit-eating birds, as well as 
to man, for a little watching will show that more than one species is 
at work gathering fruit. In the late summer and early fall, the migrat- 
ing season, the swamps are full of birds, and flocks of robins and Mack- 
birds may be found at work in them at almost any time, but especially 
in the morning and late afternoon. In fact several species make these 
swamps regular migration routes as they move southward, and by them 
the seeds are carried from north to south each season and scattered 
where, if conditions are favorable, they will be most likely to germinate, 
namely upon thoroughly moist soil in the swamps, which keeps the 
seed coats, already softened by passing through the digestive system 
of the birds from drying again. It would seem that no other fac- 
tor need be considered to account for the occurrence of the great number 
of shrubs which characterize the heath swamps of Michigan. 

(7.) With the appearance of the shrubs and trees upon the sedga 
marsh, another biotic factor than tolerance of water enters into the 
matter of deciding what types of plants will finally occupy the ground. 
This is the relative need of light of the various species, or their tolerance 
or intolerance of shade. Those plants which live from year to year grow 
to different heights, and the taller ones finally overtop the shorter and 
unless these can endure shading they must succumb. An extended 
series.of observations upon the woody plants growing with the Sphagnum 
upon the marshes under consideration, and others as well, establishes 
the fact that many of the species are unable to bear a weakened light, 
and as soon as shade of any density develops in their habitat, they dis- 
appear and their places are taken by species which will grow in the 
shade. The more aggressive species, such as Aronia ni-gra, are aided by 
their method of propagation, a system of long underground branches 
sent horizontally from the parent plant in every direction and these, 
at their ends and along their sides, send up vertical leaf-bearing stems 
which soon establish themselves and make new centers of dispersal. 
Such species may advance as much as six feet in a season upon any 
of the lower shrubs like Cassandra and in a few years after becoming 
established hold the entire ground. The Tamarack is taller than most 
of the plants with which it is associated upon the marshes, hence it 
shades them, and, while its shade is not dense, it seems to be effectual 
in stopping the growth of a number of 8i)ecies and finally exterminates 
them. Cassandra is often shaded out by the Tamarack and the only rec- 
ord left is that 'which the dead and dry stems of the lesser plant give, 
and the partly decayed debris in the peat below. The Blueberry. IIcd 
rerticillata and Ilicioides mucrondta on the other hand, are more tol- 
erant and often make large growth in the shade, the last named species 
sometimes reaching a height of 20 feet under old Tamaracks. In like 
manner the Black Spruce is a taller plant than its associated species, 
except a few trees, and makes a denser shade than the Tamarack, and 
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under its shade few species sunive, even the Bphagwtima, which are able 
to get along with less light than most of the marsh plants, give way be- 
fore it. Again, the Tamaraok seedlings cannot grow in the shade of the 
Spruce, while those of the Spruce grow readily under the Tamarack, as 
do those of the Cedar, so that often the Tamarack lasts but a single gen- 
eration, being succeeded by the more tolerant species. The Tamarack also 
cannot grow up jn the shade of the Red Maple and Birches and other 
bp(iad leaved species and if overtopped by them at any age, is generally 
killed, so it gives place to these species when tbey succeed in establisb- 
ing themselves in competition with it, and it is either driven to wetter 
open spots farther out upon the marsh or disappears entirely. 

The Tamarack will grow under the lighter shade of Poplars and Wil- 
lows, and thus may succeed a growth of these species, since they do not 
live when shaded by it. 

From the foregoing discussion it is evident that the plants upon the 
surface of a peat deposit ai-e not necessarily nor usually an indication as 
to the character of the peat below, and in general are relatively a short 
time in places where they are found. In the filled basins, and in other 
types of peat deposit as well, the character of the vegetation is certain to 
change with fluctuations of water level, which may occur as the result 
either of prolonged drought, periods of less than normal rainfall, or 
periods of excessive precipitation, the latter being especially effective 
in causing change, because plants which may have been years in estab- 
lishing themselves in places which they occupy, may be killed in a very 
■short time of high water and the ground which they have been occu- 
pying thus be left free from growth of such species as are able to live 
under the new conditions. 

A change in the elevation of the outlet of the basin, if one exists, will 
produce the same effects as the variations in precipitation, drying out 
if it is lowered, and flooding if raised. 

If such an elevation of the water level is at all permanent, the whole 
cycle of plant growth may be passed through with again. Elevations of 
the water level from six inches to one foot are efficient in prodncing 
complete change in some of the swamp associations. 

From the lateness of appearance of the Sphagnum moss upon the 
deposit made by the water plants and the Carices it is easy to see that 
no great thickness of peat is built np by it. The height to which this 
«ould go on is limited by the height to which the water level may be 
raised after the appearance of the moss, or that to which it will rise in 
the Sphagnum through capillary action. Under climatic conditions 
such as prevail in Michigan, this ia about 2 feet and, unless the surface 
of the peat slowly settles as consolidation of the material below the sur- 
face goes on, the formation of the peat ceases, so far as Sphagnum is 
concerned, at that level. In the cases where this was tested, sec- 
tions at Mud Lake, and at Oxford, Oakland county, show that in less 
than two feet all of the deposit which can be attributed to the moss is 
passed through. Above this deposit there may be as much as a foot of 
living moss, though usually less. 

A section made near Vestabnrg, Montcalm county, through an island 
of Sphagnum gave 21 inches from the top of the living moss to the bot- 
tom of the moss peat, below "which were 1 to 3 inches of shrub remains, 
probably Ca8mn4ra, which was still growing in the "island." f ~ i 
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Below this were remaiDs of sedge rootstocks and roots for an inch and 
at from 4 to 5 inches below the bottom of the Sphagnum was a well 
marked zone an inch or more thick with large quantities of rootstocks 
of the Yellow Pond Lllj, with numbers of the seeds in the peat above. Be- 
low this, to the bottom of the section, the peat was more homogeneous, 
but was easily separable into laminae, which when split apart showed 
large numbers of the leaves of grass-like plants, 

Similar sections through the Sphagnum in Boscommoo county, gave 
similar results. 

Deposits Formed Behind Dams. 

In the hollows which have been formed by dams of some of the types 
mentioned in a former paragraph, the effects of changes of the water 
level are shown most clearly, as in these there may be a periodical eleva- 
tion of the barrier to a greater height, and this in turn holds the water 
Impounded back to a greater height, which at once reacts upon the vege- 
tation and changes the type of growth more or less completely. 

Beaver dams were probably the most common type of dam which re- 
sulted in the formation of peat in the region of which Michigan is a 
part. Speaking of them and their occurrence in the state Desor' days: 
"They cite in Michigan, rivers of considerable size which are barred 
by dams, making thus a quantity of lakes and ponds which would not 
exist without them. It is evident from this that without these dams 
the lake and peat deposits, which are found at the bottom of these 
ponds, would be less numerous. The beavers have thus exercised an in- 
fluence not only on the distribution of waters, and the consequent fer- 
tility of the Boil but also up to a certain point even upon the distribu- 
tion of recent rock formations." 

The importance of the beaver as an agent in the formation of peat 
in the Southern Peninsula is also mentioned at some length by Bela 
Hubbard, ° of the flrst Survey, one of the keenest writers who has ever 
written upon the geology and natural history of Michigan, and even 
earlier geologists. 

In this article the writer says : "Not one or two, bat a series of such 
dams were constructed along each stream so that very extensive sur- 
faces became thus covered permanently with the flood. The trees were 
killed and the land converted into a chain of ponds and marshes with 
intervening dry ridges. In time, by nature's recuperative process — the 
annual growth of grasses and aquatic plants — these filled with muck or 
peat, with occasional deposits of bog lime, and the ponds and swales 
became dry again. 

"Illustrations of this beaver-made country are numerous enough in 
our immediate vicinity. In a semi-circle of 12 miles around Detroit, 
having the river for a base, and embracing about 100,000 acres, fully one- 
flfth part consists of marshy tracts or prairies, which had their origin in 
the work of the beaver. A little further west, nearly a whole township 
in Wayne county is of this character." 

Taking the beaver dam as an illustration, since it is small, rarely 
more than 5 or 6 feet high' and relatively rapid in its effects, the course 
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of development of this type of peat deposit wonld depend upon tlie fol- 
lowing considerations. 

In regions of comparative flatnesB, the building of even a low and weak 
dam, such as beavers erect, will flood a considerable area. This is ciearlj 
stated by Melton and Cheadley, who report that the former operations 
of beavers in Canada must have been on a very extensive scale, for nearly 
every stream between the Pembina and the Athabasca except the large 
Macleod river appeared to have been destroyed by the agency of these 
animals. 

At one place they found a long chain of marshes formed by the dam- 
ming up of a stream which had ceased to exist, the beaver huts had be- 
come grassy monnds and the dam a green and solid bank. 

If such an area was covered at the time when the water level was 
raised by a growth of trees or shrubs, these would be killed, and some 
would be cut down by the beavers for food and construction purposes, 
the rest would decay and fall to the ground or into the water, where 
they would shortly be overgrown and buried. The destruction of this 
taller growth would enable the marsh plants bordering the stream and 
the water plants growing in it to spread out, first upon the margins 
of the flooded area, then because the water is shallow, over the whole 
impounded surface. Such an area of shallow water would fill rapidly 
with vegetable debris, and as reedy and grassy types of vegetation ob- 
tained a foot-hold and became abundant the water area would be re- 
stricted, until perchance, the animals built their dam higher or aban- 
doned it for 'a new place. 

In the former case there would be a new advance of water plants over 
the marsh vegetation, while in the latter, the marsh would become at 
first covered with stages or Typha and later by graeeee, one of the first 
to be established being probably Catamagrostis Can^idensia, the Blue 
Joint, of which stages, good examples are the so-called "beaver-mead- 
owB," so often utilized as sources of hay by early settlers in Michigan 
and other parts of Korth America. At the last period as the drainage 
improved. Willows, Alders and other shrubs would appear on the sur- 
face and finally the forest would close in again. 

The fact that the original course of the stream had been obstrncted 
by even a weak dam would tend to cause accumulations of drift mate- 
rial upon the obstructed area in time of floods, and eventually this might 
form such a check to the drainage that the wafer level might be raised 
faster than the vegetation could build up the surface. In such a 
case the tree growth would be destroyed, and again the area would be 
covered by water and marsh vegetation, to go through the cycles as before. 

In undisturbed* natural conditions it is probable that tiie beavers 
would occupy a favorable site again and again as the surface of the de- 
posit was built up and their favorite food plants re-established them- 
selves within reach from the place where a dam could be maintained, 
and in at least two cases which have come to the writer's notice such 
dams as these have been found in cutting into peat deposits. The first 
of these was cut through in draining a peat liog in Sec. 2, in Arcada 
township, <!ratiot county, where the dam was buried under about three 
feet of peat and seemed to be about three feet high. A case of recent reoc- 
cupation of an old dam site by a colony of beavers was observed by the 
writer in the Northern Peninsula, where a verv old dam had been rebuilt 
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within the present year (1906), flooding ahout 50 acres o( Spmee and 
Tamarack woods. 

This dam -was located in section 2, T. 49 N., B. 30 W., and was about 
4 feet high in the channel of the stream which was closed b.v it, so that 
the water level was raised to that extent. The outside of the dam was 
a tangled mass of brush, sticks and pieces of wood both freshly cut 
and in all stages of decay, the animals evidently using whatever mate- 
rial they found near the place. The top of the dam-was about a foot wide 
and had a number of small stones placed irregularly upon it, and the 
water side of the structure was heavily plastered with mud. 

The dam was nearly water tight, only a small amount of water running 
under or through it, the greater part of that which escaped from the pond 
was going over the ends, which were slightly lower than the middle, or 
over -the long side wing, built to increase the height of the water by the 
former tenants of the dam, and repaired by the present generation. The 
main stmcture was strong enough to bear the weight of a heavy man with- 
out yielding. The dam was built across the brook where the valley was di- 
vided by a slight elevation, and after the main part was done, the 
builders found it necessary to construct a long wing from the elevation 
across a marshy place to the other waH of the valley. This wing was 
from 1 to 2 feet high and about 200 feet long, and the old structure 
completely overgrown by shrubs and other plants, was visible, having 
simply been repaired in the broken places and raised in the low ones, 
from the pond side, by the use of small sticks and mud. The repair 
work was apparently very frail although fairly efficient. An interest- 
ing feature of the main dam was the fact that the arc curved irregu- 
larly down the stream. Down the same valley and extending nearly up 
to the dam described was a broad flat swampy area covered with shrubs 
and sedges, with a few scattered small trees. At the lower end of this 
was another ancient dam completely overgrown but easily traced as 
a sharp ridge across the narrow part of the valley. 

Since beavers have been protected by the game laws their dams are 
becoming common in the wilder parts of the state and around Trout 
Lake Junction and other places in the Northern Peninsula, the flood- 
ing of timber lauds and the destruction of trees upon them ae well as the 
interference with railroads is reported as caused by the disturbance of 
the established drainage by these animals. 

In draining the extensive bog at Capac, near the outlet end, or the 
south end of the marsh, beaver dams were cut through in. making the 
ditches which had in the uppermost 4 feet, a second 10 feet and a 
third 12 feet of peat over the top, while the section of the bog in the 
ditches, was formed of successive and superposed layers of vegetable 
debris showing that several times forests had been succeeded by grass 
or sedge marshes. In its final stage this deposit was a Cedar and Tam- 
arack swamp, with practically no natural outlet, the water which fell 
upon it either draining by seepage to the Belle river or evaporating from 
the surface. 

At present the surface of this deposit is bare of tree growth having 
been denuded by fire and cutting, and while both seedling poplars 
and certain types of bog plants are present, the most abundant plant 
when visited was a species of Pohjtrichum, a moss which is usually 
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found in bogs where the surface is very dry, and which indicates the 
end of peat building. 

In either of the cases mentioned the resulting deposits of peat would, 
upon careful analysis, show a definite stratification, the strata repeating 
tfaeniselves in an order which would give a history of the deposit, with 
the remaius of the more completely preserved plants identifiable. In 
such a deposit, at the bottom, might be found the roots and stumps of 
trees, above which the remains of water plants would be present to some 
thickness, then a mass of fibrous remains of the sedge and grasses, and 
possibly then the debris of mosses and shrubs, and, (showing the end of 
the cycle) roots, trunks and other tree debris. At Capac several strata 
containing tree remains were seen as noted above, but the opportunity 
was not ofiEered to make a more detailed study. Where such formations of 
peat are found they show conclusively that the conditions under which 
the deposits have been formed have not l)een constant, but have varied, 
and in a definite order. 

Conclusion. 

The foregoing discussion makes it evident that in the Southern Penin- 
sula of Michigan, peat is chiefly formed by plants which grow below or 
very near the water level, aquatic plants in connection with sedges, 
and other grass-like plant; Sphagmim does not appear until late in 
the history of the formation, if at all, and develops only shallow, sn- 
perflcial layers of peat and usually grows best in association with certain 
shrnbs. which may become prominent before the Sphagnum appears, 
and which may also reduce its effectivenesa in peat forming by develop- 
ing dense shade. 

The ecological factors controlling the succession of plants, which by 
their growth and decay, under the necessary conditions, form peat in the 
area under consideration have been indicated, but may be summed up 
as follows: 

(The effects of these factors on the form of or'gans, i. e., adaptations, is 
not here considered.) 

Light : That which may be considered of first importance, since a wet 
habitat is assumed, is the light factor, because this limits the develop- 
ment of peat deposits through limiting the growth of plants, both below 
and above the water level. 

Plants which make abundant vegetative growth in northern regions 
must have full light, and this is not obtainable in the deeper water in de- 
pressions, or in the dense sliade of other species. Direct deposition by liv- 
ing plants therefore is limited by the depth of water through which suf- 
ficient light may penetrate to induce vigorous plant growth, or to develop 
such species of plants as send leaves to the surface through earlier stages 
of growth, before their leaves reach the surface, and by the amount of 
shade, in which peat-forming species can develop. The water of many 
lakes in the northern part of the state, while free from sediments, is dark 
colored from dissolved organic matter, and in such lakes there is little 
vegetation to be found. 

Soil: A second group of factors of importance are those termed the 
edaphic or soil factors. Both the physical and chemical characters of the 
substratum in which the underground parts of plants grow are important 
in determining their distribution, and in many cases control the type of 
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vegetation in a given area, or acconnt for the presence or absence of 
certain types. 

It seems probable, from the present state of our linowledge, that many 
species of the important peat-forming aquatic plants are greatly 
dependent upon the mechanical structure, Xhe compactness, and the pen- 
etrability for tlie roots of plants, soil-water, etc., as well as the chemical 
composition of the soil in which they grow, and it may be demonstrated 
that both species and Individuals are much more numerous where 
there are beds of loose, finely divided material, rich in plant food than 
where the substratum is compact, hard and poor. This Is In part due 
to the requirements of many species for abundant food, and in part to 
the greater ease with which the stems and roots penetrate the less com- 
pact soils; and as the stems, or rhizomes, of a large number of such plants 
are propagating organs, a favorable soil for the growth of these, favors 
the dispersal of the species over the bottom of a lake. 

Temperature : Heat is a third factor of importance, and its absence 
tends to reduce the number of species and numl)er and the size of indi- 
viduals, therefore in the southern part of the state many more species 
are found in the aquatic societies than in the northern, n'nd these are 
therefore more eflScient in building up peat south than north, so that it 
may be safely assumed that the filling of lakes goes on more slowly, and 
is caused by fewer plant species in the north than in the south. 

The facts that the mean temperature of the air is lower during the 
summer season, and the periods of maximum temperature are shorter 
and fewer, cause decreased evaporation from wet soil and from 
water surfaces and render these more stable as to the water level at the 
north. This, because of the more uniform temperature, does not fluctu- 
ate, and changes in plant associations take place more slowly and with 
less frequency, north than south. The result is obvious in checking the 
advance of the shoreward associations to regions of high water level, 
since they chiefly advance in periods of low water, and in the less rapid 
upbuilding of the surface. 

The lower soil and water temperatures at the north also tend to in- 
crease the physiological dryness of the soil in the habitat under discus- 
sion, and its physical dryness, when once dry, because the greater 
viscosity of water at low temperatures retards pwcolation and thus 
make it increasingly diflicult for species to establish themselves in it, 
going from south to north. 

The daily fluctuations in temperature of the air in depressions, be- 
cause of lack of circulation during the day, and of the downward flow 
of cold air during the night, is much greater than that upon the sur- 
rounding higher lands. The minimum temperature in many of these 
reaches the freezing point during every month in the growing season, 
even in the southern part of the Southern Peninsula and this fact alone 
affects the composition of the associations above the sedge zone to a very 
considerable extent, keeping out southern plants which would otherwise 
establish themselves. The species near the open water of partly filled 
lakes or growing in it, on the other hand, probably are favored by an 
even temperature, and a somewhat prolonged growing season. 

Air: The diflSculty of getting a suflBcieDt supply of air from soil sat- 
urated with water or from water directly, excludes from the plant asso- 
ciations concerned in peat formation, all plants which do not have 
special adaptations or cannot develoD them, for the purpose of getting ox- 
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ygeD under the conditioas presented. This liiiiitB the number of epecies 
which grow in the water, and with roots below the water level, to a 
few, and reduces the competition between types and species to a mini- 
mum, thus favoring good development of the typra which can live under 
the conditions. Above the \(:ater level this factor still has its influence 
in excluding species which are deep rooted in favor of those which are 
shallow rooted, thus again reducing competition and simplifying the as- 
sociations. 

The other important influence of air which may be considered is in 
its effects as wind. In the wide stretches of open marsh or bog, plants 
are freely swept by winds both winter and summer, and transpiration 
is greatly increased thereby, a fact which again influences the composi- 
tion of the plant associations growing in peat deposits with leaves ex- 
posed to the air, those which are not protected against excessive trans- 
piration being excluded in favor of those which are, and again the com- 
position of the associations may be simplified in number of species by 
this factor. 

The wind, on either hand, has a profound influence in aiding in the 
distribution' of most aquatic plants along the shores of the bodies of 
water in which they grow and a great many of the species of this type 
are provided with adaptations which insure the transportation of propa- 
gating buds, fruits and seeds from one point to another by wind and 
currents created by winds, and the leeward side, which is frequently 
the eastward one, of any body of water in which plants are growing will 
give numbers of illustrations of the importance of this factor. 

Plants: After the length to which the subject has already been dis- 
cussed it is scarcely necessary to do more than mention that the influence 
of most species of plants upon some of thosp with which they are asso- 
ciated is important, in a greater or less degree, according to the close- 
ness of the association and the extent to whigh they have the same or 
similar reqniremenis, since each species exerts some influence upon all 
others with which it competes for light, air, soil and water. By such 
competition species are eliminated from plant societies more frequently 
than by any other factor. 

Of even more importance in affecting tie composition of plant associ- 
ations, and the places which these shall occupy is the influence which 
plants exert upon their habitat, by affecting drainage conditions as 
pointed out aliove and by concentrating mineral and other beneficial 
and noxions substances near the surface of the soil by their growth and 
decay. Each bog plant society so modifles its habitat, that sooner or 
later it can no longer hold it in competition with more aggressive associ- 
ations and gives way before them. This modification proceeds until the 
rate of change produced by the plants about balances the change caused 
by ordinary weathering and decay, but it is of the greatest importance 
in considering the relations of the type of plant societies which have 
been under consideration. 

The conclusions reached in this discussion, if valid for the region cov- 
ered by the investigation, should have a much broader application 
than is given them, and as is shown in another paper, they have proven 
valid, when applied to the conditions existing in the more iiorthern 
region of the Northern Peninsula of Michigan and should do s<i for any 
other. I 
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liitiVilactioH and Acknoidrtlt/mfiits. 

Oh July let, 1!)(I5, the ivi-iter. acting iindtT in»ti'iirtioiiB received from 
A. C. JMue, State (ieologiat, a few weeks before, left Ann Arbor for 
Bay City, wiiei-e a brief study was made of the eonditioDs exietinj; 
alOQg the shore of Saginaw Bay a few miles north of the city. Hiton 
Bome interesting stages of the formation of a minor lake from a portion 
of the Bay, wliicti is being cut off from the main body by bars and a 
long spit, built by wave and current action aided by tlie growth of va 
rious plants. The lake thus formed is aJso being filled i»y the combined 
action of silt and the growth of water and shore plants. 

This work was greatly facilitated by Mr. (). M. Bradford of Bay (Mty. 
who pointed out favorable localities for study, and in other ways ex- 
tended most hearty cooperation. 

On July 4th Bay <?ity was left for Frankfort, en route for Menominee, 
at which place the party of Professor 1. V. Russell was to be joined. 
Having to wait a half <lay for the ferry boat across to Menominee, the 
time was si)ent in the study of the relation of the vegetation to the water 
level along the shore of Lake Michigan and ui>on the high lilnffs border- 
ing the lake on the south side of the mouth of the river. 

A series of very interesting facts regarding the air currents blowing 
from the lake, njmn and around the bluffs was noted as the day was un- 
usually favorable for making such observations. The probat>le bearing 
of these facts u|>on the distribution of the plants iiimii the bluffs is of 
considerable ecological Interest, bnt the discussion of them is not ger- 
mane to the subject matter in hand, so Ihey will not be recorded here, 
but will form the basis of a later pai>er. 

Menominee was reached late in the evening of July 5tli and on the fol- 
lowing day I joined Professor Russell in camp on the hanks of the Me- 
nominee river, a few_ miles north of the city- The objects of a visit to 
this section of the state were several, so defined in the letters of Mr. 
Ijane and in conversations which we had upon the snhje<'t, and these 
finally settled themselves in the f«dlowing order. 

(1.) A continuation of the study of the development and charac- 
teristics of peat bogs, begun in the Southern Peninsula two ^cars before, 
to determine, if possible, whether the principles worked ont in that 
portion of the state were applicable throughout. 

(2.) An ecological study of Imgs and marshes to determine if the 
plants concerned in the formation of the peat were the same as those 
of the Southern Peninsula and also whether they followed the same suc- 
cession in appearing upon the surface of the bogs, and in the swanii>H. 

(3.) To find ont the depth, dt^ree of decomposition and the extent 
of the peat deposits visited, with a view to ultimate commercial util- 
ization. 
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(4.) To 8tud,v the distribution of the pliiiitB and plant societieB which 
wei-e found, to find out tlie itonal affluitiex of the florn, and in this wa,r 
to gather data upon which to base a judguieiit as to the character and 
adaptability of the soil and climate to various branches of agriculture. 

(5.) To exauiiue uncut and cut-over timber land with a view to their 
futui-e economic development, either for agriculture or foreatry. 

(6.) To note the ocouprenco, range and distribution of as many 
s[>ecie9 of plants as it was irossible to do in connection with other 
work. 

From the outset, according to instructions, it was understood that 
the work which had been assigned to me was to be subordinate to that 
of Prof. Russell, so long as I was in his party, and that it was not in 
any way to "hamper him nor to interfei"© with the general plan of his 
work. As the result of this understanding, the district covered by the 
investigation was limited, while I was with him, to that assigned to 
Prof. Russell. 

This district, however, proved to be of great interest and gave a lar^ 
number of excellent examples of various types of peat swamps, which 
nioi-e extended studies over wider areas, proved to be fairly representa- 
tive in character, and in later studies no types were found which did not 
occur in this district. Aside from this it proved to be quite varied in 
topography and soils, so that it was possible to secure a large amount 
of material for the study of the general distribution of plant societies 
in a part of the state which has been but rarely visited by botanists, 
and about which little was known concerning the plant life. 

The area studied while with Prof. Russell lies in the southwestern 
corner of the Northern I'eniusula, and includes a greater part of Me- 
nominee -county, and those parts of Dickinson and Iron counties which 
lie south of the north line of Township 42 N., and east of Range 35 W., 
a district which includes practically all of the settled portions of those 
three counties, and lies nearly all within the valley of the Menominee 
river, since that part of Menominee county which is drained by ihe 
(■edar river was not usually visited, although it was at times touched 
here and there.' 

The excellent photographs, except those accredited to others, from 
which the plates accompanying this pajR-r have been prepared, were 
made by Prof. J. C. Russell, whose rare skill and trained judgment in 
selecting subjects and times for photographing, were always at the serv- 
ice of the writer, during a greater ])art of the field work on which this 
paper was based. The films were furnished and developed and prints 
were furnished by the U. S. Geological Survey, cooperating with the 
Michigan survey. 

The writer would also acknowledge in tliis place, his appreciation of 
the unfailing patience and courtesy of Prof. Russell, who furthered in 
every way in his power, the sjtecial investigation of tlie writer, and by 
his kindly interest and friendly criticism, did much to increase the 
value of the present jinper, and it is a matter of profound regret that 
he did not live to sec the completed work. 

Acknowledgment ia also made in this place of the obligations of the 
writer to Mr, Alfred C. Lane, Slate (leologist, for his constant and most 

«not1,« »«llo„ of Ihl. vol,,,,,.. - ^^^^^ 1^. 
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helpful (^-operutioQ in KPcurinf: uiiitcrial. poiutin^i; out favorable places 
for Btiid.v, and literature relating to tlie region, as well as for the time 
spent with the vi'iler iu the field, and in other ways, while aasiHting 
ia the oollection of data for this work. 

To Mr. Frank J^everett, of the I'. S. Geolopical Survey, the writer 
would expresfi his thanks for his kindness and assistance, during the 
few days spent with hini. in the reRiou between Newberry and Grand 
Marias. 

The studies made in the Huron Mountains in liMH; were made possible 
by the kindness of Mr. ('yrus Itentley ot ChicaRo, who extended to the 
writer the hospitality of his camp in the heart of this interesting region, 
and gave every facility possible for its examination. Thanks arc due 
to him also for the illustrations from the region. Plates XXVIII A & B. 

Itineian/ ami Area l^lmlic<l. 

The investigation of this region was carried on in somewhat the fol 
lowing manner. The party, consisting of Prof. Russell, a camp keeper 
and cook, and myself, would fix upon a ramping place from which the 
country around would be worked over in such a manner ae the require- 
ments of the geological work demanded, and, while this was being done, 
my notes and studies were made. The roads traversed wei-e so frequently 
cut through standing forests, and undrained swamps, that it was not 
necessary to go far from them to get satisfactory opportunities to study 
the flora, and as a general thing miich of the material gathered was 
picked up while the writer was accompanying Prof, Russell in iiis work, 
and it was rather infi*equently the case that it was necessary to delay 
him or to leave him to take time for independent work, although this 
was at times done. 

The time for wliich the camp was located in one place was varied 
fi-om a single night to nearly a week, this depending apon the character 
of the c(mntry and the quality and numlx'r of Ihe roads Which could 
1m' pi-ofltably reached from the point where the camp was placed. In 
all, 17 camps wei-e made, in the 8 weeks during which I was with the 
party, and some of these campiug places furnished most important data 
bearing upon the problems under investigation, and the others furnished 
most intei-estiug problems in themselves, some of which still remain un- 
solved. 

The sludy of the swamps and the plant societies of the uplands 
of this area was of such interest that it was deemed best to continue 
it to the limit of I'rof. Russell's jonrney northward, especially as it was 
known that in the vicinity of Crystal Falls thei-e were numerous small 
lakes, about which it seemed probable that a numWr of phases of swamp 
development would l>e found, whi<'h had not been seen so far to the nortli 
by the writer. This expectation was fully realized, and it was nol until 
.\ug. 26 thatrl Hnalty left Prof. Russell in the Inst camp he made, at 
Iron River, and acting under advices i-ecently rec<'ive«l from Mr, Lane. 
I went to Hessemer by rail to nmke com]>ariitive studies of an ex- 
. (ensive tract of "tvpical peat bog" which lies some 8 miles to the north 
()f that city. 

I>eaving Bessemer on the ;tOth of August, I joined Mr. Ijnie at Hough- 
ton on the .'tlst and made further comparative studies of swam|)s and 
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bogs ill that region, both to the »outh of that lit.v, in the vicinity of the 
Winona mine, and to the north, iu varioiiH places. 

On the 5th of September, in accordance with a modification of the orig- 
inal tentative plan which was made early in the »c;a8on, Marquette 
was viaited and 3 days were spent in studying the bogn and inarahes 
along the shores of Lake Siii»erior near that city, especially those formed 
behind dune lines, a phase of peat formation which I had not previously 
been able to cai-efully iuvesligate. In each of these thi-ee regions, some 
attention was given to the plant societies inhabiting other types of lo- 
cality than the bogs, and some valuable matter pertaining to the distri- 
bution of some of the more critical epecies of plants was obtained. 

The final stage of the investigation was t«;guQ at Newberry, Luce 
county, on the Oth of September, when I joined Mr. Frank r^everett of 
the U. S. Geological Survey, and spent nearly a week with him in the re- 
gion lying to the north and west of Newberry, and extendiTig to the shore ■ 
of Fjake Superior. This region was traversed partly by driving, but 
chiefly by walking, and not only were a number of swamps and bofps 
visited, but a fine opportunity was afforded to examine a number of 
types of forest, and to observe the plants in the duny littoral region 
of Lake Superior, between the mouth of Big Two Hearted river and 
Grand Marais. A very short tinife was Bi)ent upon the shore of Grand 
Sable Lake and on the '-Sable Banks" as the region to the west of Grand 
Marais if called, aud a few notes upon the vegetation in that vicinity 
were made. 

The return trip to NewbeiTy was made in a single day and little time 
was available for detailed work, but the region was one of the most prim- 
itive visited, and a careful examination of it would probably lead to 
some very intei-esting results, as the hardwood forests are extensive and 
dense ami at present very little disturbed. 

A brief examination of the extensive i)eaty deposits in the vicinity 
of Newberry, yielded very little that was new. but the time available for 
the purjjose was very short and it may iw possible that a cai-eful survey 
would show moi-e that is of interest. 

Sly retni-n to Ann Arbor was made by the wa.v of Trout Lake Junction 
and Manistiquel At the former place opportunity was afforded by poor 
railroad connections to examine a series of swamps situated a short dis- 
tance from the Junction,- which had l)een formed l)etween the sand 
ridge of the old shore line of one of the high level glacial lakes, 
Lake Algonquin. These swamps have been more or less frequently vis- 
ited by fires and show a variety of stages of development of the surface 
flora, 

A day was si)eut at ilanistique in making an examination of the plant 
societies pi-esent upon the shores of Lake Michigan, west of Mauistique 
and in studying the development of peat bogs between the sand dune 
ridges which were nearest the shore of the lake, as well as the stages by 
which the surface of these ridges became covered by a fixed plant pop- 
ulation. 

From Manistique. Lake Michigan was crossed to Frankfort, and again 
a part of a day was spent in the study of the vegetation upon the blufFs, 
for the sake of conioaring the dominant types of herbs during the fall 
season with those which had been noted at previous yjsifs to the same lo- 
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(■alitv. My return to Ann Arbor was made the siniie day^September 
the istb. 

Methods of Work on I'eat. 

1. The plan of worK adopted for the study of the peat deposits of this 
region was essentially that which had been used with good results in 
the work done in the Southern Peninsula, namely to visit as many of such 
deposits as possible, and examine them as thoroughly ae the time at ray 
disposal would permit: (1.) Making soundings to determine the 
depth and character of the peat: (2.) Noting the plants growing upon 
the surface of the deposit; (3.) Studying the relation of these plants 
to the water level, to the peat and to each other: (4.) Making notes 
upon tbe surrounding flora whenever this was possible. The time at my 
disposal was so limited and the difficulties of traveling through the 
swamps were so great that it was entirely impossible to make estimates 
as to the area of any of the deposits covered, nor did this seem desirable 
in moat cases. 

In order to compare the genetic development of these deposits with 
those of the southern part of the state, and to determine tbe plants nmst 
important in the formation of peat it was soon found that here, as there, 
that it was necessary to make studies along the margins of the ponds 
and lakes, or in the open swamps, since the tree covered arf^as repre- 
sented practically the end of the cyrle, that is, they were the final or cli- 
max stages in tbe history of the formation of the peat, and little bearing 
upon the problem of its development could be learned from them. 

Around tbe open lakes, however, often a series of stages was found 
giving quite completely the history of the bog from the time it appeared 
above the surface of the water, just as has already been stated in the 
paper which relates to the Southern Peninsula, and it was in these open 
swamps that a very considerable part of my time was spent, making 
descriptions of the conditions, eststing in thera. 

2. On other problems. The extent of the territory visited and the brief 
time which could he given to any locality made the exact and detailed 
study and mapping the areas of any size, even in a very general way, 
impracticable if not Impossible. After a good deal of consideration it 
was decided to see as much of the district as possible, and to learn what 
the most important types of locality and their attendant plant associa- 
tions were, and then by gathering full data in a good many places where 
these types occurred, work out the details of the chief plant associations. 

In addition to these descriptions of average conditions, all species of 
plants, which wei-e only seen a few times, or but once, were recorded 
and notes made on their place of occurrence, abundance and habitat, 
as a matter of record for determining the limits of distribution, and, 
a considerable number of species hitherto supposed to be confined to the 
Southern Peninsula were thus noted. 

In all cases where there was doubt as to the identity of any 8p«>cies 
wbicli was found, specimens were collected and pressed for further 
study, if final determination could not be made without this, and all new 
records of distribution were confirmed in the same way, but no general 
collecting was done, because of the amount of time required for prop- 
erly caring for the specimens in so moist a climate, and the difiloulty of 
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ti-anBjtorting tUe necessary presses and drying papers from camp to 
camp. 

Types of Locality Examined. 

The types ot locality cbosen for comparative study were {1) Swauipy 
areas of all kinds; (2) Clay till ridges, both moraines and drumlins: 
(3) Sand plains and ridges of a number of kinds, so far as origin goes, 
such as eskers, sandy moraines, etc.: (4) Outcrops of sedimentary, 
metamorphic and crystalline rocks: (5) Sand duues, especially those 
ulong the shores of Lake Superior: {6) The waters of lakes and 
streams: (7) Cut-over lands, especially pine lands. 

In making records in these types of locality, the soil, its condition, 
the amount of moisture and humus, the dominant vegetation, the slope 
and exposure to wiads, the aniooot of disturbance to which the vegetation 
had been subjected, etc., were generally taken into account and a full 
list of all the plants found over a considerable area was made, with notes 
of abnndance and such other items as might help in understanding the 
association of species as recorded. 

General Bistribution of the Planti of Tforth^rn Mirhiffan. 

Making the form of the land surface, or the topography, the basis 
of dassilicatioD there were three fairly well characterized districts in 
the region visited. 

The first of these lay relatively near the shores of Lake Michigan 
and extended from Menominee well north, nearly to the iron region. 
This was characterized by relatively large areas of flat or slightly rol- 
ling plain, with isolated, low, long and narrow, stony clay hills, or 
short ridges, known as drtimlins. scattered over it, either singly or in 
gi'onps. In the valleys between these there were frequently found irreg- 
ular, often winding, gravel or sand ridges, called eskera, which were 
also of no great length, a few miles at the most, and associated with 
them were sand und gravel knolls and hills, called kames. 

Near the shore of Lake Michigan the surface was more sandy and 
much smoother than it was inland and had several well marked ter- 
nices at different levels above the lake. and. in i)laces. practically con- 
tinuous ridges of sand roughly paralleled with the present lake shore, 
which mark the shore lines of former levels of the lake and its pi'edeces- 

The origin and nature of these tyiM-s of ridges Sre fully discussed by 
Russell' for this region, and need no consideration here. 

The drnmlins were covered originally by heavy forests of mixed broad 
leaved species, of which the Hard Maple, Beech, Basawood. White and 
Hock Elms and Ironwood were tiie most common, with usually a consid- 
erable percent of Hemlock and scattering individuals of Balsam and 
White Spruce and in the northern part of the district, more or less Yel- 
low Birch, which ultimately replaces the Beech entirely in this associa- 
tion n little farther to the north. 

I'pon gravelly or sandy ridges, whether of the esker. the beach or the 
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dune type, and upon sandy stream terraces and sand plains, the forest 
was formerly almost pure Pine, usually White Pine, but upon the lighter 
sands, the Norway and Jack Pines often were mixed in considerable 
abundance, or even formed nearly pure stands of one or the other, or 
of an even mixture of both sjwciee. In some areas along the Menominee 
river, and in other localities as well, where there was an admixture of 
clay and sand, or where there was a thin layer of sand over a pebbly 
clay loam, there were "two storied" forests, the upper story of very tall 
old White Pines, and the lower one of mixed broad leaved species, with 
Hemlock, Balsam, White Cedar, and White Spruce, as in the case of the 
forests of the druralins. In these mixtures the White Pines tower high 
above the other species and practically all their branches are above 
the top of the lower story. 

An excellent example of this type is shown in Plate XVIII, an old 
White Pine forest, with hard wood and lower growing coniferous trees 
forming the lower story, near Knss, on Menominee river. The forest is 
on the Wisconsin side of the river. 

In this case, and in others as well, there was good White Pine re-, 
production, showing that the type tends to perpetuate itself. 

Examples of these types are rare now, since the Pines have been 
cut or fires have destroyed them and the areas formerly covered by 
them are now growing up to Aspen, the large-toothed Poplar, Scarlet 
Oak, White Birch, and Bed or Pin Cherry and to Sweet Fern and 
Bracken Fern. 

The bottoms of the valleys, especially where these were poorly drained, 
were swamps in which Cedar or Artwr Vitae, Tamarack and Black 
Spruce were the most abundant tree species, although in some there 
were Black Ash, White Elm and Yellow Birch, usually associated with 
the three species first mentioned, and, much more infrequently, without 
them. 

The second type of district, lying to the north and northwest of the 
first, and merging into it, may be termed the rock ridge type, in which 
the general surface was rather level or slightly undulating, with the relief 
in the form of high ridges of rock, these extending as lines of hills for 
miles across the country, with the flatter areas between them. 

In this district the hardwood or broad-leaved type of forest was 
again found covering the ridges, and often the rock surface was entirely 
covered by thin soil, upon which, if undisturbed, was supported a fine 
growth of large trees. In many places, however, the timber had been cut 
and consequent fires, washings by rains, and denudation by the winds, 
had entirely removed the soil, so that the rock was quite bare, except in 
crevices in which grew a few stunted specimens of the more hardy trees 
such as the Aspen and the White Birch. 

The better drained of the fiatter areas here, unless sandy, were covered 
by hardwood forests with a mixture of Hemlock, Balsam, White Spruce 
and Arbor Vitae, while the terraces of the streams, sand and gravel 
plains, and the eskers which occurred frequently in the valleys, were 
formerly covered by White Pine, unless the sand was very light, when 
the Norway Pine took its place, and more rarely the Jack Pine. .\s in 
the former case, the pine forests have heen cut, and following the cut- 
ting, the ground has been burned over again and again until there is 
26 
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very little Pine now on it, the only trees being the Poplars and other 
Bpedes mentioned in describing cut-OTer lands above. 

In this district, the valleys were often qnite extensive and well marked 
and the bottoms were covei-ed by swamps, in which the same trees men- 
tioned nuder fliis type of habitat above, were the characteristic species, 
and form the usual growth. 

The third type of country was found to the northward and northwest- 
ward of the other two and in it, besides the rock ridges mentioned un- 
der the second type, there were extensive ridges of bouidery clay loam 
or "till" similar to that which nmkes up the druralins, and of the 
same origin, namely, deposited by the melting ice of the last glacial ice 
sheet, which at one time covered the whole country. The ridges under 
discussion were formed at the melting margin of the ice from materials 
which had been carried in it or were pushed up by it, and are called 
moraines. They were often more than a mile broad, of varying height 
above tlie rest of the country, and ran for miles across it in practically 
unbroken lines, while between them and the sand and gravel plains 
which accompany them were numerous depressions in which occur 
lakes of various sizes. The broad valleys between these ridges were some- 
times sandy upon the sides and bottoms, but more often tliey were so 
flat as to be poorly drained and covered by swamp forests of large ex- 
tent. ~ 

Extensive deposits of sand and gravel, both in the form of plains and 
of terraces and ridges along the sides or bottoms of the valleys were 
sometimes the accompaniments of the moraines. 

The forests upon' this type of ridge were chiefly of Hard Maple, Elm, 
BasBwood, Yellow Birch and Black Birch, with Hemlock, Balsam, White 
Spruce and Arbor A'itae generally pi-esent, the latter three species as 
undergrowth, and in some places forming a considerable part of the 
timber. The Beech was not seen in this part of the area studied, be- 
ing replaced by the Yellow and Black Birches, The Hard Maple was 
often the most important species along the tops of the moraines, mak- 
ing up from 50 to 70 per cent of the forest and in such places there 
would l)e no coniferous trees at all, or only a few small specimens of 
White Spruce or Arbor Vitae. On the other hand on the lower slopes 
of the ridges and on the flat lands adjacent, if not too wet, the Hemlock 
and the Balsam and White Birch will he numerically in the ascendancy, 
and the Maples few in numbers. 

Soil and Topography of the Region m Relation, to the Plant Societies. 

Sandy ridges, the better drained valleys with sand bottoms, and 
gravel and saud plains, were formerly densely stocked with pine for- 
ests, the poorest and lightest sands having chiefly Norway Pine and 
Jack Pine, while the better sands and the gravel supported White 
Fine, here as elsewhere, hut they now, except in rare instances, are 
covered by Poplar, White Birch and other poor kinds of broad-leaved 
trees, little Pine of any species persisting at the present time, except 
where accidental isolation has preserved small numbers of individuals 
fnmi destruction by the fires which followed lumbering. 

The poorly drained valleys and till plains and all other places, where 
there was an abundant supply of water, were covered by a dense growth 
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of Tamarack. Black Spruce, and Arhor T^itae. either growing together 
or quite as frequently with one or the other species predominating — the 
Black Spruce especially in the bogs around partially filled lakes and the 
Arbor Vitae mixed with the Balsam on the higher parts of swampy mar- 
gins of streams and in springy places. 

The Tamarack was most often found in extensive growths, forming 
dense, pure stands upon wet marshy tracts, either around lakes, in 
Bwampy valleys, or in any poorly drained place not already covered by 
other dense tree growth. 

It is evident, therefore, that throughout the entire region, there was 
a well marked relationship between the type of soil, considered with re- 
gard to its water-holding power and drainage, and the plant association 
covefing it. The main distinction which was noticed in this portion of 
the state as compared with other pavts which have been visited, was that 
here comparatively slight disturbances of the drainage produced per- 
manent swamp conditions, and this tendency increased, apparently, the 
farther north the investigation was carried until the valley of every rill 
was filled by a swamp. 

On the other hand, except on rock liills. where sometimes 2 to 3 feet 
of humus had accumulated, there was usually only a slight development 
of humus upon the tops and sifles of even the clay ridges, where the forest 
cover was most dense, although these gave evidence that they must have 
been covered by vegetation from almost immediately after the retreat 
of the glacial ice, in that there were practically no indications of rain 
erosion, even upon very steep slopes. 

Types of Forest. 

In' order to more clearly present the general relationship between the 
Bwamps and the surrounding vegetation, an attempt has been made to 
classify the whole flora into a series of easily recognizable and fairly 
constant and characteristic types. 

Snmming up, there seems to occur in all these types of habitats, five 
fairly distinct and well-marked foi-est types, which may be characterized 
as follows, in the order of the extent of areas covered: 

(1.) The Broad-leaved. Bartkcood or Deciduous Forest. — This was 
the type which covered the better class of well-drained uplands, includ- 
ing the rock hills in undisturbed regions, and was the important forest 
of much of the region visited. The dominant species of trees in this 
type were Hard Maple. Elm, Basswood, Beech, in the south, and Yellow 
and Black Birch in the north, with more or less mixture of conifers, 
especially Hemlock, whicli sometimes is i>resent to a considerable ex- 
tent, and Balsam, White Spruce and Arbor Vitae, usually, when pres- 
ent, evidently recent comers, growing up in the shade of the hardwoods. 
In some cases White Pine was a constituent of this type, occurring as 
scattered individuals or small groves in the more sandy places or near 
the borders of swamps. In other areas all conifers were absent for 
long distances from the higher lands where the hard^-oods reached their 
best dei'elopment. 

(2.) The Coniferous Sicamp Forest. — This covered all of the un- 
drained or poorly drained flat lands, including the peat bogs. The more 
mature swamps had what has been called by the writer the Cedar- 
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Tamarack-Sproce Association, ia which frequently the Arbor Yitae or 
Cedar, was the domiaant species, with a larger or smaller mixture of 
Black Spruce and Tamarack. The Tamarack, however, was very often 
abundant or dominant, and the Black Spruce sometimes covered consid- 
erable tracts with very few individuals of the other species present. In 
numerous cases the Cedar was wanting from the association where the 
other two species were present in about equal numbers. In this type 
also occurred at times the White Pine, the Jack Pine, and sometimes a 
few scattering Norway Pines and upon the borders. Balsam and White 
Spruce; Black Ash, White Elm, Balsam, Poplar, Red Maple and a few 
other species of swamp trees also were present in numbers sometimes 
sutBcient to give a mixed character to the type, but this was rather 
unusual. 

(3.) The Bemlock-WMte Spruce-Balaam Type. — This is also a conif- 
erous type, and was found on well-drained flat lands and upon gentle 
Blo[)es on the sides of the valleys. It had as fairly constant constituents, 
the White Birch, Yellow Birch and, in many cases, Arbor Vitae; in 
fact, most of the species of other types of associations occurred in 
it at times, but the species given were so frequently found together that 
an easily recognizable type can be maintained, which, in general, grows 
in situations intermediate in characters between the Hardwood and the 
Swamp sites. Hemlock was the dominant species of the association and 
more frequently formed dense pure stands than either of the other 
species, which, rather rarely, were found in groves. 

(4.) The White Pine Type. — Much more variable than any of the 
others was the type of forest in which the White Pine was the dominant 
species, from the great variety of conditions in which that noble tree 
will gfow and thrive. Unfortunately the greater part of the White Pine 
in the regions traversed had been cut, but a few remnants remained, and 
the large areas of stump lands showed that at one time the type had 
been an important one. In this type are included all the mixtures in 
which the White Pine was the leading species in point of numbers, so 
that the range is from the two-storied White Pine and hardwood forest 
in which the old pines rise above the lower growing species, through the 
pure stand of Wliite Pine, to the mixture of the three si)ecies of pines 
in which the White Pine was the importflnt species numerically. This 
would include all soil types, from gravelly loam with considerable clay 
in it, to poor but rather moist sands. This type apiMirently did not 
cover great connected areas as did the Hardwood type, but was conflncd 
to relatively small and disconnected areas of gravelly deposits of various 
geological history, and to partially covered ixick outcrops. 

(5.) The Norway and Jack I'inc Forest. — Of more restricted distri- 
bution still was this interesting type, which seems to have been confined 
to tracts of dry, deep, thoroughly drained sand, whether in the form 
of ridges or plains, and the borders of tracts of this type of forest were 
often very sharply defined. Glacial sand or gravel plains, deltas, and 
sand dunes were the common habitats of the tyjie, which is made up 
of rather ojjcn stands of the two species of pines which characterize it, 
mixed with some broad-leaved species, such as Poplars, Scarlet Oak and 
Red Maple, which grow with the pines in the most barren places. The 
type also occurs on sand ridges, a foot or so above the water level in 
many swamp areas, and sometimes invades the swamps themselves. The 
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accuniiilation of honiua under this type amoiinta to very little, in many 
oases to nothing apparently, although no evidences of flre could be dis- 
cerned even by careful inspection. The Jack Fine, in young dense 
Btands, was sometimes found growing in dryer parts of peat deposits. 

The Dnimlin Region- Peat Deposits; Valley Bogs, Their Character- 
istics: Important Plant Associations of this Type. 

The examination of deposits of peat began in the vicinity of Menomi- 
nee, where, a short distance to the north of the city, there are numerous 
and practically unmodified Cedar, Spruce and Tamarack swamps which 
have an abundance of peat in them, and which afford interesting ex- 
amples of the partial filling of shallow valleys by the growth and decay 
of vegetation. 

The valleys in this locality are, in part, formed behind the ridges 
which mark the beach lines of higher levels of Lake Michigan and its 
predecessors, and in part lie in the grooves between the drumlins and 
the drumlin-llke hills which are found in considerable numbers for many 
miles to the north of the mouth of the Menominee river. 

These valleys are relatively broad and very shallow, with generally 
, sandy bottoms, which may have a thin covering of fine clay, or, in a 
number of cases, what api>ears to be a grayish marl. Sometimes small 
streams run through these valleys, but frequently they have no running 
water in them, draining slowly towards the streams, the passage of 
the water being much retarded by the peat accumulations. The thin 
layer of clay or marl, which is found at the bottom of these beds of 
peat, seems to indicate that, in the beginning the valleys were occupied 
by very slow moving streams or shallow ponds, because such conditions 
favor the deposition of the fine mud or the growth of the aquatic plants 
which deposit the calcareous material which forms the marl. In no 
place visited in this vicinity were there any indications of the early 
stages of the process of filling these valleys and the order in which the 
plants forming the jK-at have invaded them, except that mentioned above, 
i. e., the marl. If, in the earliest stages, the valleys contained shallow 
ponds, it is highly probable that the first stages of the filling were done 
by aquatic plants, and that these were succeeded by the marsh plants. 

The depth of the peat in these deposits is not great, many of them 
being but 2 or 3 feet deep, and they rarely exceed 8 feet, but the quality 
of the peat in them was better than that in the deeper deposits which 
were examined later, and after the surface layers, containing stumps, 
fallen logs and the roots of growing trees were passed through, much 
of it seemed sufficiently compact and well decomposed for economic 
uses. The color varied from light to dark brown, or, rather rarely, to 
black, and the amount of water was not excessive. There were in the 
aggregate, large areas of this kind of peat bog within a few miles of 
Menominee. 

The plants growing upon the surface of these deposits whei'e they 
had not been cut or burned over, were usually a mixture of the following 
tree species: Tamarack. Black Spruce and White Cedar or Arbor 
Vitae, These were dominant or leading species, but with them were fre- 
quently small numbers of Balsam Fir, Black Ash. Balsam Poplar, Yel- 
low Birch, White Birch, Red or Roft Maple and Mountain Maple. The 
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accompaDyiDg specieB were only present in a part of the swamps, and 
in tlieBe were usually found around the borders, or in partial clearings. 

In the best examples of this plant association seen in the region under 
discussion, that is, in which the trees were fully matiire or past maturity, 
the marketable Cedar had been cut out, leaving the Tamarack and 
Spruce in numerical excess, and in rather open growth, while beneath 
these was usually a rather dense growth of low shrubs, chiefly those be- 
longing to the Heath family. 

Of these, the Cassandra was usually the dominant species and with 
this were present, in greater or less numbers, other species of the same 
family, of which Andromeda, the Pale Laurel, the Labrador Tea, and 
one of the low bush Blueberries, were the most frequent and noticeable. 
The Andromeda is especially conspicuous from its pale, bluish-green, 
narrow leaves, which are nearly white when young, and the Labrador 
Tea from the yellowish green color of the upper surface of its leaves 
and their dense woolly covering below. With these Heaths it was usual 
to find the Dwarf Birch, and not infrequently the Swamp Honeysuckle, 
which,- in places, became the moat abundant shrub. In spots where con- 
ditions were favorable, and especially where Are had destroyed the older 
vegetation, the Common or Speckled Alder was frequently the most im- 
portant species present, and even in apparently undisturbed places in the 
peat swamps, it was sometimes seen iir greater or less abundance, al- 
though it was not so common in this type of habitat, as along streams. 

The herbaceous vegetation of these tree and shrub covered swamps in 
this particular area was made up largely of sedges belonging to the 
genera Carex and Eriophortani. Other types of herlffl were present in the 
association, but were not large or constant constituents of it, and Sphag- 
num, the peat moss, was more often absent than present in the places 
visited, in fact, is noted as rather rarely occurring. 

In places where fire has swept lightly over these swamps, simply de- 
stroying the surface vegetation, there frequently springs up a dense 
growth of young Tamaracks, which seem to be more hardy and more 
able to endure the conditions presented by this type of habitat than 
either of the other species of conifers, which, in other conditions, as- 
sociate with them. 

Here, as in the other regions visited, many instance of the effects of 
severe flres in changing the entire character of the vegetation growing 
upon the surface of peat deposits were noted. If the fire burned the peat 
so severely that the surface was lowered to such an extent that it was 
below, or very near, the subsequent ground water level, this area be- 
came covered by a growth of Cat-tail more frequently than by any 
other species, and as evidence that it was fire which had brought about 
the change, among the fiags could usually be seen the dead and charred 
stumps of the trees which had formerly occupied the ground. Not un- 
commonly the edge of the fire scar would be abrupt, and this border 
would be marked by a fringe of tall old trees, and the accompanying 
shrubs which characterize the mature swnuips. 

One of the best of many examples of this form of accidental lowering 
of the surface of a peat deposit, was seen on the road from the Mans- 
field Mine to Crystal Falls, in an extensive valley swamp, a part of 
which is shown in Plate XIX. 
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In a relatively small area of eandj' plain which lies in the big bend of 
the MenoniiDee river, about 20 miles north of Menominee, there were num- 
bers of shallow deposits of peat, from 1 to 3 feet deep, upon which were 
growing old Tamarack and Spruce trees in stands as dense as these 
trees usually form, a fact which ia indicative of the unreliability of 
the indications of the surface vegetation as to the depth of the peat 
upon which it may be growing. In this area, in Tp. 35 N., R. 28 W., 
the following species of plants were noted growing under a forest of 
large and tall old Tamaraclt in a shallow depression in the plain: 

Young White Cedar, Young Black Spruce, Young White Pine, Young 
Balsam Fir, Common Alder, IJwarf Alder or Buckthorn, Red-osier Dog- 
wood, Swamp Honeysuckle, Dwarf Raspberry, Bunch Berry, Twin-flower, 
Swamp White Violet, Bristle-stalked Sedge, Little Prickly Sedge, Por- 
cupine Sedge and Marsh Shield-fern. 

In this locality there was very little Sphagnum. Another swamp of 
the same type, so far as tree growth is concerned, had the following 
species, not noted in the list given above, so abundant that they con- 
stituted practically the whole of the ground cover: 

Cassandra (very abundant), Labrador Tea {growing on the elevations 
formed by the roots of the trees). Dwarf Birch, Hoary Willow (scat- 
tered among the other shrubs), Choke-berry (on the higher stools formed 
by the tree roots, etc.), River-bank Sedge (in the wettest places be- 
tween clumps of shrubs), and Tussock Sedge. 

Most of the herbs mentioned in the lists above, were present as minor 
constituents of the association, growing on the more exposed elevations 
above the water. 

Partially Filled Lakes of This Area: Ways w WMch They are Filled. 

A few lakes were found in this area and of these, Hayward Lake, oc- 
cupying parts of sections 2, 3, 10 and 11, T. 34 N., E. 26 W., situated 
about five miles east of Ingalls station on the Chicago and Northwestern 
R. R., was the largest and first visited. This lake occupies a shallow de- 
pression near the border of the glaciated region and is surrounded by 
low drumlin-like elevations. There are several small islands in the lake 
and it seemed quite shallow from the north shore, which was the one 
visited. A large part of the shore was swampy, only two or three limited 
areas being high enough to support a dry ground flora to the edge of 
the water. The major portion of this swampy shore was covered to the 
water's edge by shrubs, of which the Dwarf Birch and Swamp Honey- 
suckle, several species of Willow, of which the Hoary Willow was the 
most conspicuous, and a constant admixture of Sweet Gale, which be- 
came nearly pure in a zone of varying width at the lakeward margin, 
where it was growing vigorously in water from a, foot to 16 inches deep. 
The zone of shrubs had a width of from 40 or 50 feet, up to several 
hundred feet, in the part of the shore visited and was practically afloat 
with water several inches deep, only the elevations about the bases of 
the bushes feeing above water at that time, early in July, The margin 
was quite unstable in places, scarcely firm enough to bear the weight 
of a man, and settling perceptibly as it was stepped on. In the water 
beyond this quaking margin, were scattered plants of the Yellow Pond 
Lily, the White Pond Lily, and the Pickerel Weed, together with patches 
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of Lake Bulrush, in somewhat deeper water. In some places the latter 
plant with the Cattail, formed a more or less extensive border outside 
the shrubs; several of the islands mentioned above were covered by the 
same plants and upon one of them a small tract of Tall Reed Grass was 
established, while still others bore shrubs and treeg. The peat, in the 
places where the depth was tested along the margin of the lake, was 
from 8 to 9 feet deep, and was soft and contained much water. Below 
this were 6 inches of fine reddish clay, then hard bottom. 

In a small Indentation in the shrubby margin on this shore, the often- 
mentioned Slender Sedge and the Cat-tail had built a floating mat a 
couple of rods or more in width, upon which the Sweet Gale and some 
few small patches of Cassandra had established themselves, together 
with the Marsh Shield-fern, Keed Grass, the Swamp Peraicaria, the 
Marsh Cinquefoil, the Myrtle-leaved Willow, and three species of sedge, 
the Water Sedge, the Bristly Sedge and Lesser-Panicled Sedge; the 
Water Persicaria and the Marsh Cinquefoil were more abundant back 
near the shoreward margin of the sedge mat, and of the shrubs, the 
Sweet Gale seemed to be making the most vigorous growth. There 
was 6 feet of soft peat below this mat and 6 inches of sandy marl before 
hard bottom was struck. 

Shoreward of the shrub zone, extending around nearly the entire lake, 
was a zone, of varying width, of pure Tamarack, under the shade of 
which were relatively few other plants, which were not listed. The 
water here was not so deep as in the shrub zone, in fact did not stand 
above the surface, although the ground was saturated with water an 
inch or two below the general siirface, the roots of the trees alone fur- 
nishing a firm footing. Farther shoreward, where the ground became 
firmer and dryer, the Arbor Vitae and Black Spruce were dominant 
trees; in wetter places, the Black Ash and White Elm occupied con- 
siderable areas. Under these two species, the water was sometimes knee- 
deep in the depressions between the trees. In a well-marked zone, be- 
tween the Cedar-Spruce zone and the high ground vegetation, at the 
foot of the slope, was a mixture of White and Yellow Birch and Balsam 
Fir, the first named species attaining a diameter of nearly two feet and 
being the dominant tree species. The high ground forest, covering a 
low ridge of clayey till lying to the north of the lake, was chiefly a mix- 
ture of Beech, Hard Maple, Basswood and White Elm, the trees ait 
of large size, and forming a dense shade, under which but few specie? 
of shade plants were growing. 

Later it was reported that there were extensive cranberry marshes 
near the lake, but no indication of these appeared in the area examined, 
as the shrub and Tamarack zones were very dense as far as could be 
Been, and as noted above, extended practically all around the margin. 

The indications were in favor of the hypothesis, that at the time it was 
visited, the water of this lake was at least a foot higher than its norn'iar 
level, as it seems hardly probable that some of the species of shrubs then 
growing in the water, would have been able to establish themselves 
whei-e the water was so deep as in the places where they were found, 
and it is likely that the heavy rains, known to have prevailed a short 
time before, had recently raised the water level. Enquiries in the 
neighborhood regarding this point were fruitless, as the people living in 
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this viciDity, said they rarely went to the lake, and knew nothing of 
the conditions existing at that time. 

Apparently, filling in this baBin is proceeding very slowly, and the 
greater part of it is being done by water plants, which are rather sparsely 
distributed along its shores in the shallow water, the absence of any 
extensive areas of sedge-and the replacement of these by shrubby growth, 
pointing to relatively slow encroachment upon the open water by the 
plants, since the shrubs noted here, do not spread rapidly in the ways 
in which do the sedges. 

The second lake or pond examined was a small one, of about 40 acres 
in area, in Sec, 3, T. 35 N., R, 28 W,, in the sand plain mentioned above. 
This lake differed from Hayward lake in being surrounded by a pure 
sedge marsh on all sides except on the southwest, where there was a 
growth of Tamarack and shrubs shoreward of the sedge border next to 
the water. The species of sedge which occurs here was, so far as seen, 
entirely the Slender Sedge, and it occupied practically all of the margin 
of the lake basin from the sandy region above the water level to a dis- 
tance of from one to two hundred feet out, where the* water was more 
than two feet in depth. 

At this distance from shore, the plants were growing in a soft oozy 
deposit of partly decomposed remains of water plants and growing algae, 
among which a species of Chara was easily recognizable by its whorled 
branchfes and peculiar odor. In this ooze the sedge was so lightly at- 
tached by its roots as to be practically fioating; and it could be easily 
pulled away and turned over. The ooze was only a foot or two in 
depth below the edge of the growing sedge, and rested upon a sandy 
bottom in the places where it was tested. Growing in the water, be- 
yond the edge of the sedge growth, where the depth was from two and 
one-half to five feet, was more or less of the Lake Bulrush, distributed 
in patches, usually of small extent. In the same zone and often as- 
Bociated with the Bulrush, were the White and Yellow Pond Lilies, and, 
more abundant than either here, the Water Shield, a small flowered 
member of tlie same family, together with the Floating Pondweed, and 
the Common Bladderwort. these, together, forming a rather sparse and 
broken zone, as far as the shore was examined. 

Along the shoreward margin of the sedge zone, were logs which had 
fallen into the marsh from the shore, or had drifted thither during stages 
of high water and upon these were colonies of Marsh Shield-fern, and 
Cassandra. These plants were also found in small patches growing 
among the sedge plants near the drj-er edge of the marsh, and there were 
also specimens of the Myrtle-leaved Willow,' other species of Willow and 
of the Marsh Cinquefoil. Above the level of the water there was a nar- 
row zone of Blue-Joint Grass, which ran directly into the ordinary 
shrubby flora of the burned-over pine barren. This was not listed for 
this particular locality, but was made up principally of young growth 
of Poplars, both the common Aspen and the Large Toothed Aspen and 
the Wild Eed or Pin Cherry, with a dense covering of Sweet Fern, the 
Bush Honeysuckle, the Common Urnko, and a considerable number of 
low herbs and grasses. There was no time to visit the western shore 
of this lake, where a shrub and Tamarack zone were developed, but 
there seemed to be considerable extent of this type of swamp there, and 
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it apparently extended along the outlet of the lake to a stream which 
flonvB a quarter of a mile west. 

A portion of the margin of thia lake is shown in Plate XX. This 
lake, as a whole, seems to represent a nuich earlier stage of the procem 
of filling an extensive basin by vegetation, than does Hayward lake, 
and in every way, even to the species of the plants concerned, closely 
corresponds to the earlier stages of the process as worked out for the 
same type of basin in the Southern Peninsula, the only possible dif- 
ference which could be noted being in the greater luxuriance of the 
growth of the water plants in the south as compared with that in this 
locality. Here the plants of the aquatic type were scattered and formed 
a very broken zone, but even. this difiEerence was probably no greater 
than would often be noticed in adjacent lakes in the south or even in 
neighboring parts of the same lake, in which, in one place, there will be 
a very luxuriant growth of this type of plants and in another a very 
sparse and poor one. 

If a comparison of the plant associations of these two lakes is made, 
it becomes evident that the dominant association of Lake No, 2 corre- 
sponds very closely to the group of plants on the margin of the little 
inlet which was found at Hnyward Lake and described above, but it is 
also clear that there is nothing at Lake No. 2 to repr^ent the wide zones 
of bush and tree swamp which constitute the conspicuous features of 
the former in that part of the latter which has been described. The 
presence of some of the shrubby species which constitute the greater part 
of the association of the marginal zone of Hayward lake, upon logs and 
along the shoreward edge of the sedge marsh, is an indication that a 
distinct zone of shrubs will eventually be developed as the sedge marsh 
extends out over the lake, or at any time when the water level of the 
lake is lowered sufBctently to permit the shmbs to become established. 
It also seems probable that at Hayward Lake there has been a period of 
low water rather recently, during which the shrubs advanced to the 
margin of the sedge mat and so shaded it that the sedges were nearly 
exterminated, and have not yet had time to reestablish themselves since 
the water has risen, although conditions found farther north indicate 
that this is by no means certain. 

Pon4 in Peat Bog at ^'athan. 

The third pond visited in this region is located at Nathan, a sta- 
tion on the Wisconsin and Michigan E. E. {Sec. 24, T. 37 N., E. 28 W.). 
This is a small pond of a few acres in area, a short distance west of the 
railway station, and surrounded by a peat bog of considerable extent 
and of a very interesting type. (Plate XXI.) The bog represents a 
stage quite near the end of the process of filling a lake hasin similar to- 
that last described, a shallow depression in a nearly flat country, which, 
however, in this case, was not sandy but covered by bouldery clay. 

The surface of the bog seems to slope gently from the border to the 
margin to the lake, and actually does, to a slight degree, as was shown by 
the standing water in a ditch out from the road which runs west from 
Kathan to the lake, but the effect is probably heightened by the fact 
that the Sphagnum, which covers the surface, is much more luxuriant ^ 
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in its growth some distance back from the edge of the water, than it ia 
near it. 

Vegetation of the aquatic type, is practically wanting in the lake, the 
odI; plants noted being a small amount of an aquatic moss, Fontinalis 
Bp., and small patches, near the shore, of the thread-like leaveg of Water 
Club-rnah, while upon small areas of bare peat, just above the water 
snrface, we're, here and there, stunted plants of the Yellow Pond Lily 
and of a Pondweed, probably a form of the Floating Pondweed. The 
bottom of the pond was apparently entirely made up of dark-colored 
peat of rather coarse texture and very soft. Above the surface of the 
water the vegetation was abundant and at different parts of the shore 
was quite different in character and species. In general, on all sides 
of the lake, however, the marginal zone consisted of occasional stools 
of Tussock Sedge with more abundant plants of Creeping Sedge, and 
in much greater amount than either of these Cassandra and Andro- 
meda sending out branches into the water, upon which as supports, the 
sedges and the Large Cranberry grew, and helped to form a mat upon 
which grew Sphagnum, and later, other species. Both species of sedge 
mentioned formed independent masses extending short distances from the 
shore. At a varying distance from the edge of the water, but never 
beyond the advancing shrubs, usually more than one foot and often 
several feet back, thei-e was a dense growth of Sphagnum, forming a 
well marlicd zone from one to several yards in width. Growing 
with this and often confined to this zone exclusively, were; 

Creeping Sedge. Mud Sedge, Sheathed Cotton-grass, White Beaked- 
rush, Large Cranberry, Small Cranberry, Buckbean,' Sundew,* Pitcher 
Plant,' Andromeda,' Cassandra,* and Pale Laurel.* 

The surface of the Sphagnum in this zone varied but little from a 
foot above the surface of the water in the pond, and the moss itself 
was saturated with water. In some places the moss was less thickly 
crowded than in others and in some spots it was nearly absent, in which 
oases the surface was somewhat lower and wetter than where it was pres- 
ent, as would naturally be expected, and in such places the sedges were 
usually more thrifty than where the moss was more dense. 

The shoreward margin of this zone was marked by a border of taller 
Bhrubs, of which Cassandra was the most conspicuous in point of 
numbers and size, and by large numbers of stunted Black Spruces from 
three to eight feet in height, together with a few small and slow growing , 
individuals of Tamarack, The Spruces were also evidently making very 
slow growth, as shown by the short leaders and narrowness of the rings 
in stumps examined. They were also badly infested with the Small 
Mistletoe and many of the individuals showed the characteristic 
"Witches' brooms," which this parasite causes before the tree dies. 

Associated with the Cassandra and Spruce was the Labrador Tea 

. which did not occur at all in the Sphagnum zone near the water and 

grew here in the higher places, on the hummocks and stools about old 

stomps. Andromeda on the other hand was not abundant in this zone 

' Also glowing" upon the hare mud nciii ertue of Iht WRlPr. 

• The leave* of Ihia plant were pracllcaliy burled In Iho Sphagnnm, only tbe optninga shoMng 
In man; cbxh. 

* The plants of these ahruba here were sU Bhorl, many ol Ihejn appurently young and recently 
established. •■ -^ ^ 
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and waa only seen occasionally in the part of the area visited. Aside 
from these plants the foliowing occurred: Pale Laurel was abundant 
and of large size. The Pitcher Plant was not common and the plants 
seen were in poor condition as though not in a favorable situation, 
the leaves were small and few and the plants had not bloomed this 
season. In spots where openings in the shrub growth had developed, 
the Cranberries were able to cover the ground, but as a usual thing they 
were not present in this zone, but the little Creeping Snowberry waB 
frequently seen running over the surface of the Sphagnum. The Three- 
seeded Sedge, the_ Sheathed Cotton-grass, and the Three-leaved Solo- 
mon's Seal were' the only herbaceous plants seen besides those men- 
tioned, the last named being very comjnon. In the places which seemed 
the dryeat. there were also occasional patches of the Canada Blueberry. 

A rod or two back from the lakeward edge of this zone the Sphagnum 
was often very pale in color and quite dry at the top, as though dead, 
and it was only in the depressions and under the shade of the thin-foli- 
agred, sickly specimens of Black Spruce that it seemed to be growing, and 
was green and fresh. Areas of several square feet in extent were frequent 
that were covered by the Reindeer Lichen which formed a dense mat 
npon the surface of the dead Sphagnum, apparently showing a condition 
of great dryness, since the Reindeer Lichen grows in this latitude only 
in the dryest situations. 

In a few places the Sphagnum had built up mounds by the aid of the 
growing Cassandra bushes to a height of nearly 2 feet abovfe the low- 
est part of the moss-covered surface, or slightly more than 3 feet above 
the water level, but the general surface of this part of the bog was from 
18 inches to 2 feet above the level of the water, and it seemed apparent 
from the general condition of the Sphagnum plants that there would be 
very little growth above that level, unless the level of the water should 
rise, or the evaporation from the surface be checked in some way. 

The peat here was more than 10 feet deep in every place where it was 
tested, and from the surface, through the first 6 feet, it- was of rather 
coarse texture, compact and of a marked and unusually deep reddistw 
color, quite different from the dark brown of ordinary peat. Below this 
it was finer grained, lighter in color and very soft and wet, but coherent 
enough to be brought to the surface in the sampler. 

In the marginal zone, wherever the Sphagnum grew, the bog was firm 
and strong enough to permit walking over it with safeti", but it was 
easily shaken, and lakeward of the Sphagnum would sink when stepped 
upon. In the zone of shnihs and spruce, the surface could not be shaken 
for more than a short distance even by jumping upon it with consider- 
able force, so compact was the substratum. 

This bog, more than any other which had been seen by the writer np 
to that time, would lead the casual observer to the conclusion that the 
lake was being filled by the advance of the Sphagnum over the surface. 
It was however, easy to see that such was not actually the case, for in 
no place around the entire margin of the open water was the Sphagnum 
growing in the water, in advance of other plants, and in the greater part 
of the margin it was a foot or more ba<;k from it, as has lK>pn noted 
above. Sometimes, liowever. the moKs wonld be growing nearly at the 
edge of the zone of the advancing plants and the fact that it was not 
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growing in tbe water beyond the pioneers, the sedgeB aod the shrubs, 
was only determined by careful inspection. 

It ia evident, upon comparing this with the other two lakes described, 
that this is quite different from either, in the stage of its development, 
and represents very late steps in the process of which they were early 
«Des. 

The nearness of this bog to the railroad, its heavy covering of Sphag- 
num, and the probable freedom of the peat from objectionable sedimen- 
tary matter, make this deposit worthy of further studi', with the view 
to making some commercial use of it, for although it is not of so great 
superficial extent as some other tracts seem, the moss upon, it is unusu- 
ally good, and tUe depth of the peat is greater than common. 

Completely Filled Lake or Basin- year Nathan. 

Considering the bogs as a series, the best example of a deposit which 
seemed to rejtreseut the final stage of the complete closing of a lake by 
plants was found about li^ miles east of Nathan, on sections 19 and 20, 
and extending north and south in Tp, 37 N., R. 27 W. Here, the open 
water had disappeared entirely, but there was a wet marsh covered with 
sedges and small areas of Lake Bulrush, which occupied the wettest 
places, where the water was an inch or two above the surface. Growing 
with the Bulrush in the water were the Buckbean and the Fiat-leavod 
Bladderwort, and, indicating the approach of the end of the wet cycle, 
were an abundance of the well established, though small, plants of Sweet 
Cale, and not a few individuals of the Dwarf Birch, Cassandra, and 
Andromeda, as well as the Pitcher Plant, growing among tbe Bulrush 
stems. 

Under one of these wetter places the peat was found to have the fol- 
lowing section: 

Total depth 
Feet. in feet. 

Turf 1 1 

Rather soft, poorly decomposed peat. . 3 4 

Sludgy or very watery peat 3 7 

Hark colored marl 1 8 

Light colored marl 1 9 

S.ind at bottom 

The marsh around these areas of Bulrush was slightly higher, having 
the water level about two inches l)elow the surface, and was covered with 
sedges, of which the Slender Sedge, the Twig-rush, the Alpine Cotton- ■ 
grass and the Sheathed Cotton-grass, with occasional plants of the 
Lake Bulrush, were the most important si>ecies. There were also a 
large number of hiw plants of the shrubs mentioned as occurring 
among the Bulrushes and here again was found the Pitcher Plant, and 
small sjierimens of Tamarack. 

The whole surface of this area, except the "islands" described below, 
coul'' he easily shakea with a relatively slight effort. The '-islands" 
were croups of trees of various sizes which had established themHplves 
upon flic open marsh, the principal tree thus appearing upon the marsh 
beins *^'" Tamarack. One of these islands not far from a considerable 



202 MICHIGAN SURVEY, 1906. 

area of nearly pure lake Bulmsh whb about 75 feet in length and half 
as broad. In this area were several Tamaracks, 20 to 30 feet tall, one 
Black Spruce and one Arbor Vitae, while forming a rather dense growth 
beneath and around the border of these, were the following shrubby and 
herbaceous species: In the shade of the trees, were the Labrador Tea,. 
the Sweet (Jale, here much larger and taller than in the marsh, the- 
Buckthorn, the Swamp Honeysuckle, the Lai'ge Cranberry, the Pitcher 
Plant and some low sedges. The -\ndromeda was growing abundantly 
around the outer edge of the island, but not under the shade, and the 
Bulrush grew close up to the island, but not in the shade of the trees. 
The surface of tlie marsh was no higher where these islands occurred, 
but the peat seemed somewhat firmer and less easily «haken on them, 
and the water level was slightly lower, but still less than 6 inches below, 
the surface. There was no Sphagnum on the island described, nor on 
others, and none over a greater part of the sedge marsh, although near the 
shoreward margin it was seen in small patches either among the 
sedges, or more often, about clusters of shrubs. 

Arouud this open marsh, on the west aide, was a mature tree-covered 
swamp. Arbor Vita^, Black Spruce and Tamarack with an occasional 
White Pine, making the growth. The Tamaracks were the tallest, and 
presumably the oldest trees in this association, overtopping the other 
species and apjwaring of greater age. The ground .was covered by 
Sphagnum and a growth of shrubs, of which the Labrador Tea was the 
most abundant species, having some Cassandra and the Small Cranberry 
mixed with it in the more open places. The herbs noted here were the 
TwinHower, trailing over the Sphagnum, the Swamp Valetian, the Sweet 
White Aiolet and the Kidney-leaved Violet, the Bog Wintergreen, the 
Three-leaved Solomon's Seal, and the Soft-leaved Se^e. The peat here 
was 9 feet deep, in places slightly more, firm and structureless below 7 
feet. The water level was about 1 foot below the average surface. Quite 
different was the plant association of the border upon the eastern side of 
the marsh, where the Black Spruce in a stunted form made up a large 
part of the tree growth. Here the surface of the bordering zone rose 
abruptly in many places, nearly or quite 18 inches, as though a wall 
had been built along it. This wall was of Sphagnum, and marked the 
edge of a dense gi-owth of the shrubs, Sweet Gale, Cassandra, Andro- 
meda, Dwarf Birch, and Labrador Tea, and occasional plants of the 
Hoary Willow. The Spruce trees were small, stunted, and were scat- ■ 
tered thickly among the shrubs, with a few small Tamaracks and Arbor 
Vitae, while trailing over (he surface of the Sphagnum, or growing in it, 
were the Creeping Snowberrj, the Small Cranberry, and Three-leaved 
Solomon's Seal. Shoreward from the margin of this Sphagnum and 
Spruce growth the trees were larger and more numerous than near it, 
but all had a generally stunted appearance. (Plate XXII.) 

Beyond the general border of the Sphagnum on this side of the open 
niiirsh, thei-e were umuy plants of Cassandra, Andromeda, Sweet Gale 
and Dwarf Birch growing in the marsh, usually in small dense stools op 
clumps, and, about some of these clumps of shrubs, as centers of growth, 
but only occasionally, the Sphagnum would be found established, build- 
ing up a mound a foot or more above the general surface, and apparently 
forming an advance colony from the compact shrub-Sphagnum-Spruce 
association. Upon such colonies of Sphagnum growing around shrubs,. 
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the Labrador Tea woald sometimee occur, bnt it was not noted in the 
aedge marsh except in these elevated spots. These conditions, as descril>ed, 
seem to point to the advance of Blirubs and trees and Sphagnum to a 
rather sharply drawn line which has. been maintained for a considerable 
period, during which existing conditions were constant, and only re- 
cently, apparently for only a few years, has there been a change. It 
seems probable, in the light of what was observed elsewhere, that the 
sharp border of the marsh with its wall of shrubs and Sphagnum, is the 
former shore of the pond, which was later covered with sedges and 
rushes until the present marsh was formed, and that now the surface of 
this is being covered by trees and shrubs, which under the present stage 
of rather high water are making slow progress. The absence of the re- 
mains of trees and shrub*, and the structure of the turf where this was 
examined, seem to confirm the opinion that this area had not been before 
occupied by woody plants, at least not at the level of the present sur- 
face. 

To the north of the area just described, at a distance of about 200 
yards, the tree growth bordering the open marsh was found to be nearly 
pure Tamarack, under which there was very little Sphagnum, but an 
abundance of LesBer-panicled Sedge, Small Cranberry, Pitcher Plant, 
Buckbean and Dwarf Birch, which were the principal members of the 
association growing beneath the Tamaracks, with which were oc- 
casional plants of broad-leaved forms of Andromeda, and Labrador 
Tea, growing in the shade, and of the Alpine Cotton-grass, Here also 
wei-e noted the Marsh Arrow-grass, Swamp Saxifrage, Marsh Shield 
Fern, Sartwell's Sedge, Tall Cotton-grass, Showy Ladies' Slipper, Are- 
thusa and Calopogon. The moss most common with this association was 
a species of Hypnum, and Sphagnum was not noted, 

This Tamarack-Sedge association gradually changed, as the distance 
from the open marsh increased, to a Spruce-Tamarack-Sphagnum as- 
sociation, and this again near the western margin of the swamp was 
found to contain a large percent of Arbor Vitae. It would seem probable 
that the Tamarack covered portion of the marsh border is practically 
of the same age as the shrub-Sphagnum portion, but in the former, the 
Tamarack seeded in uniformly and thickly and grew so dense that the 
shrubs and Sphagnum were unable to establish themselves and have 
only appeared in the Tamarack association after the trees have begun 
to thin out, owing to excessive competition of the individuals with 
each other. 

A detailed account of this very interesting bog has been given to 
show how varied may be the plant associations forming the covering of 
adjacent areas of the same bog, where there is so slight a change in the 
level of the surface and the ground water, that only the careful use of 
a. spirit level would enable one to measure it in passing from one asso- 
ciation to another, except where Sphagnum has become an important 
member of the association, and to explain all the peculiarities noted, 
would require an extended series of observations. 

Algal Lake: Of a unique type was a rather extensive bog surrounding 
a small lake near Merryman's Lake on section 33, T. 38 N,. R. 28 W., 
and section 4, T. 37 N.,'r. 28 W., and lying in the same basin with it. 
This lake was in a depression surrounded by low drumlin-like bills cov- 
ered, in the main, by a hardwood forest, chiefly Beech and Maple, with 



>, Google 



204 



MICHIGAN SURVEY, 1906. 



some admixture of Bassn-ood, Birch, Elm and Hemlock. The present lake 
is roughly elliptical in form and is only a few acres in extent, but is 
surrounded by a wooded swamp which is approximately a mile and a 
half long and which connects with the swampy margin of Merryman's 
Lake to the northwest. The sketch map, figure 9, shows the approximate 
shape of the lake and of the swamp surrounding it. 
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After traversing the Tainarack-SpruccCedar swamp for some dis- 
tance, tiie northern end of the lake, at which the tree association 
reaches nearly to the open water, was reached and a most striking: fact 
relating to the marginal zone was at once apparent; it was made up 
nearly exclusively of the curious Swamp Loosestrife, which, up to this 
time, had never been observed in the Northern Peninsula, and indeed not 
far north of the central part of the Southern Peninsula. This plant is 
worthy of more than mere mention, since it is especially adapted to the 
lake margin habitat, and also because some of its adaptations enable it 
to make an advance outward from the shore each year when conditions 
are favorable, frijni the position it has been occupying and thus build a 
mat which will eventually cover the entire surface of the water. The 
plant is a perennial, forming clusters, or stools, of sterna which are 
herbaceous, and die down each year, above the water, and have curiously 
thi<'kened woody bases, which live through the winter, below it. The thick- 
ening is due in part to an enormous develoJ>ment of spongy, white, or 
pinkish tissue in tlie bark, which is supposed to aid the plant to in- 
crease the aeration of the submerged parts, since it forma only on 
parts of the plant below the surface of the water. This tissue is called 
aerenchyma, and is made up of a multitude of thin-walled cells. The 
thickening of this part of the stem is also due to actual increase in the 
diameter of the stem below the water and to a considerable develop- 
ment of hard, woody tissue, so that the real diameter of the stem below 
the water may be several times that of the herbaceous, aerial parts. 
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The method of propagation of the plant is also of exceptional interest, 
for it not only bears and matures large quantities of seeds, but like 
many other plants growing in and about the water, it has developed a 
special vegetative method of establishing itself in new places. As they 
mature, the stems reach oat in all directions from the top of the stools 
and after ascending obliquely to a height of 3 or 4 feet, curve at the tips 
and torn downward towards the water. Some of these continue to 
grow downward until they touch the water and reach below it a short 
distance, after which there is a development of the spongy tissue in the 
bark, and of wood in the submerged parts, and also of roots, which 
form in considerable nnmbers, and may eventually reach the bottom if 
it is near enough to the surface. From this submerged and rooted tip, 
buds arise and a new plant develops from these the next season if not be- 
fore. In the fall the herbaceous or aerial part of the stem is killed by 
freezing, but the woody part remains alive, moored to the parent stool 
by the dead stem. This holds the tip with its roots and buds in an 
erect position, as well as prevents it from being washed away before it 
has become fairly rooted, and thus a new plant i« not only established, 
but is held in place for a year or more, at a distance of from 2 to 3 feet, 
or even more, from the shore, advancing the shore line in this way with 
considerable precision and symmetry. As the plants send out their 
branches in all directions, some of them do not reach the water but come 
to the ground shoreward of the stool. These branches may run along the 
ground for several feet, as many as 6 or more, without becoming woody 
or forming any roots; such stems perish at the end of the season, so 
the greatest number of new plants are constantly established on the open 
water side of the old ones. As soon as the plants set off from tbe margin 
of the lake have become fixed in place and begin to increase in size, the 
water-loving mosses, the algae, the Marsh Shield Fern, and a number of 
Heed plants begin to grow about the roots, and on the stools, and soon 
reach across to and from the older plants and bind tbe whole together, 
at first by a loosely aggr^ated tissue of stems, but later by a compact 
turf. In the locality here described, the compacting of the first struc- 
tnre is dne to the rapid occupation of this by the shrubs, Cassandra apd 
Andromeda, and by the sedges which soon, or even immediately, are fol- 
lowed by Sphagnum. After the sedges appear upon the stools of the 
Swamp Loosestrife, the latter plant is apparently unable to persist, for 
frequently the dead stems and remains of stools may be seen in the sedge 
marsh behind the zone of living stools at the water's edge. 

In the lake under discussion, the Swamp Loosestrife was the chief 
manual species around a greater part of the border of the open water, 
except in two limited areas where the Cat-tail disputed the ground with 
it, and for a short space on the east side, where the Tussock Sedge 
formed the margin. Tbe latter plant will probably be displaced even- 
tually by the Swamp Loosestrife, because the Sedge ie unable to ad- 
vance over the water rapidly, building high tussocks or stools by its 
growth and not a compact turf. The Swamp loosestrife, therefore, once 
established among the stools of the sedge, would be able to reach out to 
the open water beyond them and thus become the marginal plant. At 
either end of the sedge area, the beginnings of this process of disnlace- 
ment could be observed. 
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The relatively high level above the water, of the surface of the stools 
made by" the Swamp Looaestrife, affords a chance for a much greater 
variety of plants to grow than the wetter parts of the sedge mats, 
hence it ia easy to see that after the surface is once covered by the pi- 
oneer species, its flora will be more diverse than that of the sedge mat, 
and will be built up more rapidly to a stage where it *ill support vigor- 
ous tree growth. In this particular instance thece was a rather narrow 
zone just shoreward of the marginal zone in which the surface was 
higher than that still further shoreward, and upon this young Tamaracks 
and Sphagnum with several ahruba, such as Cassandra and Andromeda 
bad established themselves, while iu the wetter zone shoreward, as is 
pointed out below, these plants are wanling or are present in lesser 
' amount. It is evident that the Swamp Loosestrife had not been present, 
at least in this part of the lake, for a very long time, since its remains 
could only be found in the area where the surface was higher, and this 
area was in many places only a few feet broad, and nowhere very ei- , 
tensive. 'The plant is then, one which materially hastens the upbuilding 
of the surface of a bog as well as rapidly extends it in a lateral direction 
over an area of shallow open water. 

In the areas of Oat-tail near the north end of the lake were numbers 
of young Tamaracks, which here were growing about at water level, and 
reached nearly to the water's edge. In most other parts of the bog, 
young Tamaracks formed a rather dense zone, next to the older tree 
association, or occurred as mentioned, in smalt groups along the shore, 
or scattered in the sedge marsh. 

In a small area of o]>en marsh formed by clearing off the old timber, 
shoreward of the border of the Swamp Loosestrife, the following plants 
were noted : Sphagnum, Marsh Shield-fern, Cinnamon Fern, young 
Spruce, Tamarack, Arbor Vitae, Nerved Manna Grass, Blue-Joint tiraes, 
Bristle-stalked Sedge, Three-seeded Sedge, Soft-leaved Sedge, Magellan 
Sedge, Hairy Wood-rush, Wild Li ly-of- the- valley, Clintonia, Calopogon, 
Buckhean, Bunch-berry, Canada Blueberry, Wild Sarsaparilla, Gold- 
thread, Marsh Marigold, Round-leaved Sundew, Small Cranberry. Small 
Bishop's Cap, Small Goose-grass, Marsh White Violet, Dwarf Rasp- 
berry, Red Raspberry, Star-flower, Tufted Loosestrife, Twin-flower, grow- 
ing on rotting logs, and Creeping Snowberry, growing on fallen logs and 
over the top of the Sphagnum mounds. The peat here was firm and moist 
at the surface, the water level about one foot below the surface, and the 
total depth of the peat 12 feet. The station was about the only place 
where the Cedar -Spruce-Tamarack association bad reached nearly to the 
margin of the open water. 

Associated with the Cnt-tail were quantities of the Marsh Shield- 
fern, growing slightly above the water level, on the dt^bris of the dead 
flags, and of the Buckbean, in the water. Scattered plants of Swamp Sax- 
ifrage, Marsh Marigold, Marsh Cinquefoil and False Xettle, were fre- 
quent, and Swamp lioosestrife and Lesser-Panicled Sedge formed stools 
here and there in the more open places. 

In a rather open part of the Cedar-Spruce- Tama rack zone, was a small 
pool of clear water, in which grew the Smaller Bladderwort, Water Star- 
wort, Lesser Dockweed. one of the smallest, of our flowering plants. 
Water Arum or Wild Calia Lily, and the Lesser Panicled Sedge. On the 
margin of this pool were numerous plants of False Nettle, Marsh Shield- I.. 
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fern, and Briatle-stalked Sedge. In the same zone in the dense shade of 
a clump of young White Cedars was much bare ground, with occasional 
scattered tnfts of Sphagnum, and a few plants of Small Bishop's Cap, 
Marah White Violet, Marsh Shield-fern, Wild Sarsaparilla, Goldthread, 
Clintonia. and Wild Lily-of -the- valley. The mosses were the most abun- 
dant type here. The Cinnamon Fern was abundant among the young Ce- 
dars, making a striking display with its large tufts of long fronds, 

In going east along the north side of the lake, the Cedar-Spruce-Tam- 
arack zone gradually leaves the water margin, while the zone of young 
Tamaracks becomes wider and tbe Cattail area narrower. Sphagnum 
follows rather closely the outer borders of the older growth, where it ia 
abundant in the more o[)en places, as far as the lakeward mai^in of this 
zone, beyond which it stops abruptly. In this region the Sphagnum 
is accompanied by Cassandra, Buckbean, and Pitcher Plant. 

As the turn to the south is made, a narrow fane, or zone, of open, wet 
marsh begins, which runs along the cast side of the take to the south 
end, growing wider as it extends southward, until at the widest part 
it is several hundred feet wide. This is bounded for some distance on 
the lakeward side by young Tamaracks and some young Cedars, which 
here grow close to the margin of the water on the line of low hammocks 
built by the Swamp Loosestrife. As noted above, the Sphagnum is 
abundant in the margin of the old tree growth, and also on the hum- 
mocks along the water's edge. For a short distance, a portion of this 
open marsh was covered by Sphagnum, apparently recently established 
upon it, since the moss was thin and short and the water only a few inches 
below the surface. Here Andromeda and the Small Cranberry were 
abundant, the former very short and small, as if lately established. 

The Marsh Cinquefoil, a small leaved form of the Buckbean, Pitcher 
Plant, the Iveaser-Panicled Sedge, ilud Sedge, Prickly Sedge, Slender 
Cotton-grass, Tall Cotton-grass, Scheuchzeria, and the Tall Green Orchis 
were the only species present, the whole forming a epongj turf. The 
same species, in about the same relations, as to -abundance and water 
level, were quite generally present in parts of the open marsh where 
the Sphagnum was not present. Tbe Marsh Shield-fern and Cassandra, 
conspicuous members of the society bordering the open marsh, were 
absent from it, and as the level of the surface of the mai^h was from 
1 to 2 feet lower than that of the Sphagnum-covered borders, it seems 
probable that the level of the water may be a controlling factoi- in the 
distribution of these plants here. 

The open marsh continues along the east side of the lake, becoming 
wider on the south and southwest sides where the Slender Sedge becomes 
the most abundant plant, giving a different appearance to tbe surface, 
because of its uniformly greater height than the rest of the plants with 
which it is associated. Here at the south end, the zone of Swamp 
Loosestrife became 20 to 40 feet wide, and the sedge marsh more than 
300 feet. The sedge marsh here has Sphagnum and the Small Cranberry 
oier considerable areas, and islands of young Tamaracks and shrubfl 
scattered over it. Where the Sphagnum is not present, the Pitcher 
Plant, Oat-tail, Buckbean and Marsh Cinquefoil are most abundant, 
and over much of the area where these plants were abundant, tbe 
water rose very nearly or quite to the surface of tbe marsh. The same 
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type of marah, though narrower, and nearly the Bame plants continued 
toward the north end of the lake on the west side. 

Considering now the marginal zone, and the lake itself, the former was 
chiefly made up of the Swamp Loosestrife, as has been already pointed 
out. The atools of this plant were frequently so near together along 
the margin of the water, that they were separated only by a foot, more 
or less, of open water, and the tops were a foot or fourteen inches or 
even more above the water; from the top of these stools the growing 
stems rise, and the diameter of the stools may be more than a foot. 
Upon these stools the Marsh Shield-fern is one of the first plants to ap- 
pear after the mosses. Bphagnuro, the Cranberries, Cassandra, and the 
Marsh Cinquefoil, and several species of Sedge were noted as growing 
upon the newer stools, while the older ones were completely covered 
by the advancing vegetation ot the Cedar-Spruce-Tamarack zone, includ- 
ing young trees of a diameter of several inches. Some of the marginal 
stools were still isolated from the mat and were easily overturned. 
The mat, at the firm margin, was about two feet thick, and below this 
depth, the substratum was a soft light brown ooze, so filled with water 
that it was practically a fluid. 

A study of the relationship of the zones described, led to the conoln- 
sion that the Cedar-Spruce-Tamarack zone, with its rather abrupt mar- 
gin of Sphagniini and shrubs was older th^n the rest of the bog, and 
that after this had been developed, a sedge mat had slowly extended 
itself over the water. At a comparatively recent period, the Swamp 
Loosestrife had become established on the take margin and the zone of 
young Tamaracks, shrubs and Sphagnum had been built up on the 
stools of this plant, which gave a surface sufficiently elevated above the 
water to enable these rapid turf formers to establish themselves at once 
rather than wait for the alow upbuilding of the deposit by the accumu- 
lation of the remains of sedges and other water-tole('ant plants. The 
recent appearance of the Swamp Loosestrife is considered probable be- 
cause of the narrowness of the marginal Tamarack zone. 

The description of the lake itself has purposely been left until the 
last since it presents the moat interesting phase of all. The water, seen 
. from the shore, seemed about a foot deep, as, far out as it was possible 
to see. There were no aquatic plants growing in it, except in a narrow 
zone, some 15 feet wide, close to the shore, which extended about half 
way around the lake. This zone was made up of plants of a single 
species of Potaniogeton, a small, slender form growing only about a foot 
in length, and making very little show in the water. On sounding, to 
test the character of the bottom of the lake it was found that it was 
simply a soft, flocculent ooze, and in collecting samples of this, it was 
seen to be of a light brownish pink, or pinkish brown color, entirely 
structureless to the naked eye and hand lens, and of a salvy consistency 
very different from ordinary jjeat, even when thoroughly decom- 
posed. A series of samples was taken from the shore of the lake back 
into the Cedar-Spruce-Tamarack zone, to see if the same type of mate- 
rial occurred beneath these older parts of the bog, as well as in the 
present lake. It was found that at the margin of the flrm turf, the pink- 
ish material was only two feet below the surface; at a distance of 30 feet 
from the lake it was about 4 feet from the surface; near the middle of 
the strip of open marsh, from 60 to 75 feet from the water's edge, it was 5 
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to 6 feet from the surface and just witbin the Cedar-Spruce-Tamaracb 
zone it was nearly 8 feet down. (Fig. 10.) This station was estimated 
to be about 150 feet from the water's edge, where the surface of the bog 
was nearly two feet above the water level. The change from one type to 
the other was abrupt, and the overlying material waa of a dark color and 
had the usual coarse texture of the upper layers of a bog of the common 
type. 
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The thickening of the coarse material back from the margin of the 
open water was apparently due (1) to aettUng of the surface layers, as 
the weight of the vegetation growing upon them increased, (2) to the 
upbuilding of the surface above the water level by Sphagnum and otiier 
plants, and possibly (3) also to an elevation of the level of the water 
itself, as the mass of vegetation and vegetable debris upon the surface 
grew broader and thicker and choked the outlets more and more. It 
is easy to conceive nnder such conditions, that the surface of the water 
would be raised while at the same time there would be a slow build- 
ing up of the surface of the bog, because of the favorable conditions for 
the growth of important peat-forming plants, and for the preservation 
of their remainsi 

But two small samples of the peat of the lower layers of the deposit 
and from the lake were preserved for farther examination, but under 
the compound microscope several important facts were brdught out, 
among which are the following: The material shows the same struc- 
tare, or lack of it, in both samples ; a large part of it seemed to be rem- 
nants of minute algae, apparently unicellular forms, with diatoms 
occasionally or sometimes freely mingled with these. There were no 
fragments of the tissues of higher plants present and only occasional 
short segments of the filamentous green algae, but in every slide ex- 
amined, the most prominent recognizable structures were the peculiar 
three-celled pollen grains of the conifers, which seemed to have accumo- 
lated in vast numbers here. From the fact that there was no greater 
number of coniferous trees about this lake than many others, where the 
pollen grains have not been observed in the deposit, it seems evident 
that they are noticeable here because of the lack of coarser material to 
hide them and because of the relative small amount of the algal material 
laid down each year. The pollen grains from 12 feet below the surface, 
were well preserved and showed as characteristically as those from nearer 
the surface. Unfortunately, no specimen from the surface of the bottom 
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of the lake was preserved, bo that the chief species of algae present were 
aot identified. 

The bearing of this observation upon the question of the origin of 
structureless coals, such as Cannel coal, is worthy of passing mention, 
for it is apparent that peat of the type under consideration, under 
proper conditions, would change into a coal which would show little if 
any structure, no matter how carefully it was examined. The only 
organic remains which might be identified would be the pollen grains 
and the silicious shells of the diatoms, just as the spores of some of the 
Lycopods of the Carboniferous time have been reported as occurring in 
the European C'anuel Coal. The possibility eu^ests itself that, in the 
Carboniferous age, when all v^etation was of lower types than at pres- 
ent, and the plants now insigniflcant were then dominant, the simple 
algae were more abundant, and contributed largely by their activities to 
the deposits which have since been converted into coal. 

Mcrrymon> Lake. 

Tbis is a much larger body of water than the small one just described 
and lies near it. The shores are generally high and there is no extended 
swamp around it. The water is apparently shallow, for some distance 
from the shore, as scattering patches of Lake Bulrush extend over 
a large part of the lake. The margin generally has a narrow zone 
of the Tussock Sedge and the Slender Sedge. Toward the west end this 
zone widens, the Slender Sedge being here the most abundant species, 
forming a broad sedge mat, upon wliich, however, the Tamai-ack, Black 
Spruce, and l\Tiite Cedar push out to within a short distance of the 
open water. These trees also form a generally very narrow zone shore- 
ward of the sedge zone, except where fire or man has disturbed the orig- 
inal condition, in which ease open ground, or Alder and Willows of 
various species, replace the conifer zone. In the edge of the sedge Kone, 
on the lakeward border of the conifer zone, near the west end of the 
lake the following plants were noted in some abundajice: The Marsh 
Bhield-fern, abundant, especially on the hummocks about the bases of 
trees and on sedge tussocks, the Hoary Willow, very common in the 
marsh, the Marsh Cinquefoil. Calopogftn, including a white flowered 
form, some Cat-tail among the sedges, Arrow-grass, occasional in the 
same situation; Sphagnum only around the trees, Rypnum more or less 
common in the wet parts of the marsh.- On the hummocks in the marsh, 
with the Marsh Shield-fern, were the Dwarf Eaapberry, the Three-leaved 
Solomon's Seal, the Cranberries, Hartwrigbt's Persicaria, Creeping 
Snowberry, Goldthread, patches of Showy Ladies' Slipper, Twin Plower 
running over logs and stumps, Labrador Tea on hummocks about trees, 
the Common Horsetail, Bog Wintergreen, the Bristle-stalked and 
Slender Sedges, a rather common association in the advancing border 
of the conifer zone. The narrow zone of swamps about this lake, when 
its water was so shallow, and other conditions were apparently so favor- 
able for swamp formation, is the remarkable thing about it and was not 
explainable from any facts observed in the limited time devoted to its 
examination. 



Digilizcd by Google 



DAVIS ON PBAT. 211 

Sniall Lakes Near ilerri/man'a Lake. 

In the same vicinity, a small pond was visited which had formerly 
had a thick growth of Tamarack and Spruce about it, but this had t>een 
linrned off, and the swamp had grown up to a rather dense thicket of 
Aspen, common Alder and several species of Willow, with a narrow 
zone of Cat-tail, Bottle Bedge, and SartwelPs Sedge in shallow water 
lakeward, with the Lake Bulrush where the water was a foot or more 
deep. In still deeper water the Yellow Pond Lily formed a nearly 
complete zone from 20 to 50 feet wide around the entire pond. With the 
Pond Lilies were numerous specimens of Greater Bladderwort and a 
species of Water-milfoil, an association common in tlie Southern Penin- 
sula, but not before seen in the Northern Peninsula. 

In Figure 11 the water relations of these plant zones are indicated. 








Fio. 11. Dls«nni or plnnt lone 

0. Chan. 

1. Flouting Blx 
2 Yellow Pond 

3. Lake Bulrush. 

4. Ssrtwell's Seds«. 
^ fi. Bottle Sedge. 

9. Spike RubG. 
7. Gal- mis. 

in the sedge zone Hartwrigbt's Persicaria, the Larger Blue Flag, 
Swamp Milkweed, the Marsh Cinqnefoil, Joe-Pye Weed, Blue-Joint 
grass and the Marsh Shield-fern, were the most common plants, with 
the River-bank Sedge, Shining and Bebb's Willows, Marsh Skullcap, 
Marsh Bellflower, Nerved Manna-gi'ass, Dark-green Bulrush, and the 
Swamp Thistle less common, and in the dryer spots the Red-osier Dog- 
wood. This whole asaociation, as will be seen upon comparing it with 
the others recorded from the vicinity, is remarkably different, closely re- 
-aembling that found in the southern part of the state in peat bogs 
which have been partially drained. It is probable that the burning to 
which this swamp had been subjected made it possible for these plants 
to find a foot hold here. There was no Sphagnum present so far as 
observed. 

In contrast with this was another swamp a short distance away, with 
« small lake in it, but which had not been burned over. The swamp 
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was covered with Tamarack and White Cedar, with a few Black Spruces 
Bcattered among these, and extending to within about a rod of open 
water. On the lakeward margin of the coniferoue zone, waa a narrow 
zone of Common Alder and various Willows, and then a hroader zone 
of Slender Sedge, which was apparently encroaching slowly upon the 
lake, aince it formed on its lakeward margin, long narrow projections 
into the open water, which here waa quite shallow. In the little bays 
thus formed the Yellow Pond Lily was established. 

Associated with the Slender Sedge upon the open marsh, were the 
Hoary Willow, scattered plants of the Cattail, the Marsh Cinquefoil, 
Marsh Sbield-fern, Buckbean, and the Shrubby Cinquefoil. The latter 
plant was most abundant lakeward at the margin of the sedge zone, 
where, with the Swamp Honeysuckle, it formed in the more open places, 
a naProw, interrupted zone. 

Sphagnum covered occasional spots in the conifer zone, but was no- 
where abundant. In the same zone the following species were noted : 
Spurred Gentian, Twin-flower, Showy Ladies' Slipper, Creeping Snow- 
berry, Buckthorn, Silky Cornel, Low Raspberry, Star-flower, Bog Win- 
tergreen. Common Alder, Yellow Sedge, Labrador Tea, Common Sundew, 
Small Cranberry, and the Tall Green Ochis. In this take and swamp it 
was again apparent that the active plant in covering the open water 
was the Slender Sedge, aided by the Yellow Pond Lily, which was 
here able to grow with considerable luxuriance, and, without doubt, 
contributed considerably to the peat. Here, as elsewhere in this region, 
Sphagnum was not present upon the wetter parts of the advancing plant 
zone, nor in the water, bat was confined to the older and dryer areas, 
mostly those in the coniferous zone. 

Hermansville Bog$. 

(1.) A mature bog. In an extensive Tamarack-Spruce-Cedar swamp 
about a mile east of Hermansville, on Sections 6 and 7, T. 38 N., B. 
26 W., and running over into adjoining sections, the Black Spruce was 
more abundant than usual ; the White Cedar large enough for commer- 
cial purposes had been cut, but there was some reproduction and young 
trees of the species were thrifty where seen. Ditches run along the 
sides of the road east from Hermansville, but they have not drained 
the swamp to any extent, the water in the ditches being l^^ to 2 feet 
below the surface and in the swamp from 1 to lyz feet or 2 feet 
from tops of hummocks. The removal of the mature Cedar had al- 
lowed the light to come in more than usual in such mature swamps, 
with the result that the shrubs and the other low plant species were 
numerous and luxuriant in their growth. Sphagnum was also very 
abundant, forming a quite uniform layer, somewhat uneven at the 
surface and 1 to 2 feet thick. The shrubs noted here as more or less 
frequent were the Dwarf Birch, Buckthorn, Swamp Honeysuckle, Hoary 
Willow. Red-osier Dogwood, Cassandra. Labrador Tea, Andromeda and 
Dwarf Raspberry; Wintergreen and Creeping Snowberry were fonnd 
on the tops of the hummocks, the former on the dryest of these, upon 
which the Reindeer Lichen had established itself. The Small Cranberry 
was also noted in spots on the Sphagmira, but was not so abundant as 
this species often is, in similar habitats. 

The herbaceous species here, were Slender Cotton-grass, Magellan's 
Sedge, Soft-leaved Sedge, Bristle-stalked Sedge, River-bank Sedge in de- 
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preBsions, Twin-flower, Gold-thread, Swamp Valerian, Marsh 8bield-fern, 
Wild Liljofthe-Valley, Three-leaved Solomon's Seal, Swamp Saxifrage, 
Swamp White Violet, Wild Calla, growing in moist Sphagnum, Bog Win- 
tergreen, Small Bishop's Cap, Showy Ladiee' Slipper, Manna-grass, 
usually in the wetter places, and the Bunchberry on top of the dryest 
hummocks, with Reindeer Lichen and Wintergreen, Along the road, and 
in lai^r openings, were numeroue specimens of Common Alder, often 
forming dense clumps, but this species was not seen in the less disturbed 
parts of the swamp and seemed to be a clearing plant where it was 
present. 
This section is represented by the diagram. Fig. 12, below. 



Fig, 12. Section throusli > mature peat deposit nen Hennapsville. Menominee countf . 



2. Layer containing rools anil coaroe vegetable i 

3. Fully decompoBeiJ dark p-- 

4. Light colurec) alniclurt'le! 






The peat was tested near the middle of the swamp, where it was 
crossed by a road and was about 14 feet deep, the first 5 feet being 
rather coarse textured and full of roots, fallen logs, etc. Below this 
for 5 feet it was brown in color, of good texture and quite plastic, while 
the lower 4 feet were soft and light colored, suggesting the algal peat 
described above, in color and texture. 
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Apparently the upper B feet of peat had been deposited since the 
trees and shrubs had ratablished themselves in the swamp while the 
lowest parts of the deposit seemed to have been formed under water, 
as the light color of the material precludes the idea of thorough decom- 
position, since that not only disintegrates the material but blackens it 
at the same time, often in proportion to the completenew of the decom- 
position. This deposit was in a poorly drained valley in the drumlin 
region, and represents the matiure type of swamp for the region, except 
that the flora was rather richer than usual, because of the removal of 
the Cedar, There was no indication here or elsewhere in the region 
of the drumlins, bo far as observed, of this type of swamp plant asso- 
ciation passing into any other tree society, and it seems probable that 
it is a climax society for the habitat. 

(2.) Cleared Bogs: It was unusual to Sod any of these mature peat 
deposits which had been cleared with a view to cultivating them, but 
just west of Hermausville, in the depression between two large drum- 
line, was a small bog which had been ditched and stumped and culti- 
vated for two or more seasons before the owners decided that the soil 
was not adapted to crop plants, and when visited, was reported not to 
have been plowed for several seasons, and so it had b^un to revert to 
the wild state again. Some of the cultivated grasses and clovers had 
established themselves in the loose-textured dry peat, and were growing 
well; the native plants found persisting, or introduced since the land 
had been abandoned, were the Common Aspen, I^abrador Tea, Cassandra, 
Canada Blueberry, Bristly Sarsaparilla, The Wild Bed Clierry, and an 
occasional small Tamarack, The herbaceous plants besides the culti- 
vated species mentioned, were the Common Brake, Sheathed Cotton- 
grass, Few-seeded Sedge (rare), Three Seeded .Sedge, forming low stools, 
the Three-leaved Solomon's Seal, Sheep Sorrel. Oreat Willow-herb, while 
in many' cases the ground was covered by a dense growth of the Hair- 
cap Moss, the same, or closely related, species that was found com- 
monly on very dry, sandy soil, or in crevices and on ledges of exposed 
rocks. The loose texture of the partly decomposed plant remains mak- 
ing up the top layers of this bog, and the drought-resisting or xerophytic 
character of most of the native plants growing upon it when visited, as 
well as the depth to the water table, more than 2 feet, in the ditches, 
point to insufficient or unavailable ^upply of moisture as an important 
factor in rendering the ground unfit for cultivation until farther de- 
composition has rompaoted the peat and lowered the surface. 

Undoubtedly, also, the small 'amount of mineral food available for . 
plants, as well as other considerations would need to be taken into ac- 
count in working out all of the contributory causes of failure of crops 
on the area. At the time it was visited it gave every indication of 
becoming a brush swamp in a short time. It was reported to have been 
co%'ered with Cedar before it was cleared. 

Boffs Xcar Faunvi. 

Near the northern limit of the drumlin region, southeast of Fos- 
ter City, along the line of the Chicago- and Northwestern B. B. is 
a considerable district in which limestone ledges lie very near 
or at the surface. These exposures are flat, which makes the sup- 
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face of the gronnd level and the drainage poor. Theae flat Burfaeea of 
limeBtoae with thin soils were formerly often covered with Cedar-Tama- 
rack-Spruce swamps, from which the valuable timber has been stripped. 
Following the lumbering, fires have destroyed some of the remaining 
trees, but many of the areas still show swamp conditions in the vigorous 
growth of young Tamarack and Cedar. It is a noteworthy fact regard- 
ing these Bwamps, that the peat upon them is generally very thin, 
coarse in texture and poorly decompiled, bo that here, as elsewhere, 
the top of even the shallow deposit is often very dry. 

It is an interesting fact, also, that in many places where there were 
we 11 -developed swamps, the rock was so near the surface that telegraph 
and telephone poles were held in place by stones piled about the bot- 
tom, becauE^ holes could not be dug sufficiently deep to hold the poles 
in the shallow soil. Generally in such areas the peat was not more than 
18 inches deep and frequently less than this, and was covered, in the 
burned-ovep tracts, with a dense growth of Alder, Willow and Poplar, 
or by young Tamarack, or less frequently, by young Cedar and Tamarack 
mixed. The flatness and impermeability of the rock surface seem to be 
the controlling factors in developing these swamps, since they tend to 
keep the ground water level high. The thin layer of till which may lie 
below the peat and above the rock surface is usually gravelly and serves 
to fitoi-e some of the water which falls on the surface. 

In T. 41 N., B. 26 W., between the water tank on the C. & N. W. R. 
R. and Faunus station, is a valley swamp bordering a small sluggish 
stream flowing into Ford river, which gave some exceptionally interest- 
ing opportunities for the study of the tolerance of water exhibited by 
bog plants. The valley was very shallow and the slopes slight, so that 
drainage was very jmor over most of its bottom, wliich had been covered 
by a mature Cedar and Tamarack forest before it was disturbed by 
Inmbering and fire. In crossing the swamp, on sections 19. 20, 28 and 
29, much of the material for grading up the road bed of the railroad 
had been dug from the right of way on either side of the grade, leaving 
shallow ponds and broad ditches in which the water stands to a depth 
of 18 inches or 2 feet below the surface of the peat on which most of 
the species of shrubs and perennial herbs of the mature Tamarack-. 
Cedar-Spruce association were growing. Theae plants, since many of 
them propagate by underground stems, have grown out into and over 
the ditches and ponds, until these have been nearly filled np in some 
places. In a few instances the growth covering the surface of the water 
was of mosses, chiefly species of FontinaliB and Sypmim, but in one 
instance fiphagnum seemed to be the form, although the plant was seen 
from a distance, and the observation is uncertain. A higher type of 
plants was represented in the Pond-weeds, which are true aquatics and 
may have been introduced into the ditches from the stream or from a. 
distance by birds or otber animals. The plant which was most effective 
in covering the open water, however, was the Marsh Cinquefoil, which 
sent out long branches from the sides of the ditches and ponds and 
often completely covered the surface for some distance. This species 
was never observed by the writer as the marginal plant over considerable 
areas along the shoi-es of lakes, but here, around the artificial openings 
in the turf, it demonstrated its fitness to serve as the advancing plant 
in open water by forming dense mats, which soon serve as a basis for 
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growth of a number of apecies of aedge, especially the Creeping Sedge, 
and for the Wild Calla and a epecies of Hypmtm moss. The Marsh 
Cinquefoil is apparently killed by the encroachment of the Sedge, aa, 
where this was present, the first plant was not as luxuriant as where 
there was no admixture of other species. 

Next to the Marsh Cinquefoil, Andromeda was most frequent in its 
extensions into the water from the aides of the ditches, and long, rootless 
branches, 2 to 3 feet, or more, long, reached out into the water, often 
with only the tips of the terminal leaves above the surface. This plant 
did not form extensive mats, as the numbci' of individuals along the sides 
of the ditches was not large in any one place, but the subaqueous shoots 
were normal and vigorous, and, in time, would serve as the basis for 
attachment of other species. Cassandra was also abundant, growing 
in the water in the same way as Andromeda and because of its more 
compact habit of growth, it was perhaps more frequently the center of de- 
velopment of small islands of other plants, which eventually became 
joined permanently to the bank of the ditch, and thus formed solid land. 
Other shrubs whicL extended out over and into the ditches and pools from 
the banks, forming more or less compact mats, were several species of 
Willows, the Dwarf Birch, Alder, and the Buckthorn. 

Of herbaceous plants, the Creeping Bedge was found most frequently, 
forming extensions from the hanks, both alone, and as an associate of 
other species, sending out horizontal, cord-like, leafy stems sometimes 4 
feet long, either in the water or over the surface of areas filled by float- 
ing moss. This sedge does not form a compact mat, as it forms roots 
rather infrequently along the prostrate stems, but it serves to bind other 
species together when its strong stems are overgrown by them. 

The Wild Calla was doing similar work, extending its thick, freely 
rooting, prostrate stems, which bear numerous brOad leaves and large 
Sowers, id dense masses from S to 6 feet wide, out from sho^e on a 
substratum of moss, floating in the water. The plant thus forms a 
foundation for other species, and at one point the following species were 
growing with it: The Porcupine Sedge, forming small tufts, the Marsh 
Skullcap, the Great Water-dock, Blue Joint Grass, a Willow, the Small 
Bedstraw, and the Bulb-bearing Water Hemlock, a small part of a com- 
mon open wet marsh society in wliich usually some species of Sedge 
is the dominant plant. 

Other herbaceous plants which were noted as forming extensions from 
the shore in the pools were the Cat-tails, HartnTight'a Persecaria. and, 
more rarely, the Buckbean. Growing in the water with the Pondweeds, 
were the Lesser Bladderwort, Pursh's Buttercup, and a very alender form 
of the Broad-leaved Arrowhead, while the Swamp Horsetail formed 
dense masses in some pools, rooting in the peat in a foot or more of 
water. It appears from the considerable variety of types of plants in 
this artificially formed habitat, in a locality where the number of species 
is rather restricted, that for a time, at least, those species which are 
present and establish themselves first are the ones which are able to oc- 
cupy the space, but that later, other types come in. and wholly." or in 
part, dispossess the pioneers. 
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Bog» in Sand Plain Near Vulcan. 

The first bog Tisitei) in the morainal region was in an extensive sand 
plain sooth of Vulcan in T. 39 N., R. 29 W., Sec. 15. The bog was a 
small one in a depression without outlet in the sloping sand plain and 
was originally snrroonded by a forest of nearly pure Norway Pine, now 
represented by a remnant of a few acres in extent, on the south side of 
the depression. There was no open water upon the surface of the bog,' 
but it was an excellent example of a type which is perhaps our nearest 
approach in Michigan, to the European "Hochmoor." In the middle of 
the bog was an irregularly elliptical tract in which Cassandra was 
the dominant plant, but with some dwarfed young Tamaracks, a single 
dead Norway Pine, and some dead Tamaracks of larger size, as -well 
as Andromeda, Pale Laurel, Small Cranberry and the Slender Sedge. 
The surface here was built up by Sphagnum to about a foot atx)ve the 
water level, around the clumps of the Cassandra, and other ahrubs, but 
this high level was not maintained uniformly, as there were numerous 
depressions reaching the water, where the Sphagnum had not yet grown 
as high, in which the Pitcher Plant, Buckbean, and Mud Sedge were com- 
mon. Shoreward of this raised portion, was a broad zone of apparently 
pure Slender Sedge.'but associated with it, on closer inspection, were 
found the Marsh Cinquefoil, the Myrtle-leaved Willow, and in the 
border next the elevated portion, and on the south side of it. Sphagnum 
growing in the water. On the north side, however, there was no Sphag- 
num with the Sedge. The water was from 1 to nearly 3 feet deep in 
this zone and the bottom easily shaken. Nearer the shore, the water 
was nnjformly about 18 inches deep and in this part of the zone the 
Nerved Manna-grass, 'Tall Cotton-grass and Marsh Cinquefoil were 
generally present in abundance. This zone extended shoreward nearly 
to the water's edge, and merged into a well-defined but narrow zone of 
Blue-Joint Grass, and this, in turu, into another of Meadow-Sweet, 
about a foot above the water level, and above this. Alder formed a dense 
zone to about 3 feet above the water level, above which the Norway Pine 
association began abruptly and covered the slopes. The chief variation 
in this zonation was, at the east end, where the Cat-tail formed a 
partial zone shoreward of the Slender Sedge, and the replacement of 
the Norway Pine by pasture and cleared-land societies on tlie north 
and west sides of the valley. The very considerable depth of rfater 
in which most of these bog societies were growing, 2 feet, and more, in 
parts of the sedge zone, seems to indicate a recent rise of the water level, 
due to excessive rainfall, and it is probable that most of the zones ii-ere 
established in a time when the water was lower than at present, and, 
except the trees, have persisted during the rise, which would be very 
rapid in an enclosed basin of this type ; the dead Tamaracks and the 
Norway Pine would indicate such a rise in the water, as trees are more 
often killed in this manner than the more tolerant sedges, grasses and 
other herbs and shrubs. A Are sweeping across the swamp would also 
destroy the trees, and not, necessarily, the herbs and shrubs, but no 
marks of fire were observed. 

Oth^r Kettle Hole Bogs Near Vuican: A group of small depressions 
a mile south of the one just described, form an interesting series. The 
depressions were four in number and situated in Sec. 22, T, 39 N., R. 
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29 W., near the border of a portion of the gravel plain mentioned above, 
which had been cleared and cultivated. The larger one of ^he series 
had a small pond in it, which was aiirrounded by a wide quaking bog 
covered largely by shrubs and sedges. The water in the pond was shal- 
low and bad the Yellow Pond Lily scattered over nearly the whole sur- 
face, while near the shore there was an interrupted zone of Creeping 
Spike-rush pushing out towards the center and a mat of Slender Sedge 
following it. Upon the sedge mat were scattered plants of DulicUium, 
Scheuchzeria. Buckbean, and Marsh Cinquefoil, and also islands of Cas- 
sandra at distances of from 20 to 50 feet from the edge of the open water. 
Upon this part of the sedge mat the water was about a foot deep, and 
in the water was an abundance of Hypnum moss, which, near the 
shoreward margin of the sedge mat, was more or less displaced by sub- 
merged Sphagnum. In this part of the mat also were found the Marsh 
St. John's-wort and the Bulb-bearing Water Hemlock. 

Still nearer the shore, the surface rose a foot above the water level 
and the shrub Sphagnum zone proper began, though the whole mat was 
still easily shaken. The plants of this association were Cassandra, 
Andromeda, I^rge and Small Cranberry, Tamarack, White and Nor- 
way Pines, the latter upon the stools formed by stumps of dead trees, 
the Tall and the Virginia Cotton-grasses, the Mud Sedge, which was 
here abundant. Marsh Cinquefoil. Pitcher Plant, Buckbean and Round- 
leaved Sundew. The presence of old stumps of considerable size in this 
zone shows that formerly this part of the bog was more heavily wooded 
than now, but the cause, other than clearing, of the disappearance of 
the trees was not apparent. Shoreward, near the margin of the bog, 
was a zone above the water level, of Blue-Joint Grass, with Silky Wil- 
low, and Meadow-Sweet, scattered through it. The River-bank Sedge 
and Nerved Manna-grass were common here in slight depressions. Still 
farther shoreward was a well-developed zone of Common Alder which 
covered the bank nearly up to the zone of cultivation. 

The second depression was much smaller than the first, and was in - 
the open shrub stage of development, i. e., the shrubs, chiefly heath 
plants, were the douiinant types; the entire surface was covered by 
a dense growth di Cassandra and Andromeda. Among these plants 
there were a few large stumps and numerous small ones, showing that 
rather recently the shrubs had been dominated by ti'ees, at present repre- 
sented by a single small White Pine, a Tamarack and some White 
Birches and Common Alders growing on the hummocks around the 
stumps noted above. In small open depressions below the general level 
were sedges and patches of Larger Blue Flag. The water level was 
generally a little over a foot below the surface in this part of the bog. 
Shoreward of the shrubs was a zone of lower water level, covered chiefly 
by the I^arger Blue Flag, but with it were the Tussock Sedge, Blue- 
Joint Grass, Cat-tail, Alder, and several species of Willow, Kext to the 
shore and running up on to it. was a zone of Wool-grass, Nerved Manna- 
grass. I^arger Blue Flag and Soft Rush, which reached up to more than 
a foot above the surface of the water. 

The third depivssion was elliptical in shape, 30 feet wide by 70 feet 
long, and had in the middle a small pool of water about 10 feet in 
length, in which wei-e a few plants of the Yellow Pond Lily and a small 
patch of Lake Bulrush. Around the pool was a dense growth of Cat- (, 
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tail covering all of the bottom of the depression except fop a narrow zone 
on the shoreward margin, which was covered by a growth of Wool-grass 
and slightly above this a zone of the Nerved Manna-grass and Larger 
Blue Flag. 

The fourth depression wag covered by a dense growth of Common 
Alder and Willows. 

The bogs in this series show the effects of clearing and burning, in 
the disappearance of large trees from the larger bftsins, and of all the 
trees and plants of the mature bog societies from the smaller ones, so 
that the cycle of development in these has begun anew with water 
plants. In the larger ones the building of the sedge mat was apparently 
not interfered with, but the disappearance of the trees caused the shrub 
society to expand to a much greater width than would be possible under 
undisturbed conditions. The series well illustrates the influence which 
man has locally upon the distribution of plants. 

Lake Near Menominee River, South of Norwa;/. 

In the same section with these bogs in the cleared and cultivated area, 
was an interesting kettle-hole lake, located on the terrace of Menomi- 
nee river. The water of the lake was at the same level with that of the 
river and was connected with it by a short broad outlet, so that the 
river, in time of flood, caused a sharp rise in the lake and as abrupt 
fall when the flood was over. On the zone of the lake bank which was 
thus alternately covered by water and exposed to the sunlight and the 
air, was a society of plants which is frequently found in the flood plains 
of the rivers in the Southern Peninsula, but which is not common in the 
Northern, where the river swamps have not usually been cleared, and 
where the mature Tamarack-Spruce-Cedar society is the one in posses- 
sion of such places, except the more recently formed bars or areas of 
sediments. The principal plants noted in this society were the Sensitive 
Fern, River-bank Sedge, Slender Rush, several species of Willows, Com- 
mon Smartweed, Canada Anemone, Purplish Meadow-rue, Yellow Water- 
cress, Meadow-Sweet, Marsh Pea, Upright Yellow Wood Sorrel, Canadian 
St. John's-wort, Spotted Cowbane, Bulb-bearing Water Hemlock, Swamp 
Milkweed, Blue Vervain, Hedge Nettle, Cut-leaved Water Hoarhound, 
Wild Mint, Monkey-flower, Joe-Pye Weed. Late Golden-rod, several 
species of Aster, Sneeze-weed, and Philadelphia Flea-bane. The soil here 
was mostly composed of fine silt, or river sediment, and was moist over 
the entire slope. The absence of characteristic bog plants is of interest 
and may be due in part to the clearing which has been done, since in a 
similar bayou-like lake in another place, some bog plants were noted 
npon the banks of the lake. A view of a portion of this lake and the 
connection with the river is shown in Plate XII of Prof. Russell's paper, 
page 57, 

Lake Antoine. a Large Basin Beghining to Fill. 

This is a large lake with no inlet and small outlet a short distance 
northwest of the city of Iron Mountain, T. 40 N., R. 30 W., covering 
parts of several sections. There is little true bog existing around its 
shores, a large part of which are high and dry, with a rather steep slope. 
The lake is mentioned here because of a series of small bogs which exist 
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along the north shore in covm on the west sides of points, and behind 
an island on the northwest side of the lake. The most remarkable of 
these bogs is the one connecting Pine Island (Plate XXIII), as it is 
called, with the mainland, making a peninsula of it. The island lies 
some hundreds of feet from the shore, the entire space between being 
ocenpied by the bog, which is prolonged beyond the island on the western 
end, and has a wetl-deflned cove at the eastern. Upon the bog are two 
distinct areas of mixed Spruce and Tamarack, surrounded by typical 
Sphagnum -Cassandra- Andromeda zones. The borders on all sides are 
covered by a sedge mat, in which the Slender Sedge is the chief plant, 
forming a belt from 200 to 300 feet wide. The aquatic plants form 
two distinct zones outside of this; the lakeward one, where examined, 
made up chiefly of Pondweeds, of which the Common Floating Pond- 
weed is the most conspicuous and abundant, while next the floating 
margin of the sedge mat was a zone of varying width, made up largely 
of White and Yellow Pond Lilies. 

The Cat-tail and Dwarf Birch are present in small areas upon the 
sedge marsh, and the Marsh Cinquefoil forms ^od-sized patches in 
places near its margin. The fact that there are two centers of tree 
growth, and a wide open space extending for a considerable distance be- 
tween them, would lead to the conclusion that there have been two dis- 
tinct periods of filling here. The first of these was the time during 
which the western part was being built up in the shelter afforded by 
the island, and the other, after the bar thus built had diminished the 
depth of the water between the island and the shore so much that 
plants could grow in the water and hold such floating debris and sedi- 
ment as drifted into the cove thus formed, and. this material finally 
became a center of growth of the bog. 

In the coves lying east of the island bt^, there are shown several steps 
in the formation of bogs upon the shores of a large lake. In the first 
one east of the island, the marginal plant extending over the water was 
the Slender Sedge, forming a floating bog upon the edge of which were 
spots of Cat-tail, while upon the bog were some small Spruces and 
Tamaracks, "Alders and Willows, with small areas of Cassandra and 
Dwarf Birches, and more abundant, the Marsh Cinquefoil, and Marsh 
Shield-fern, The margin of the mat was entirely free from the bottom, 
with nearly a foot of water above the surface, and upon this grew small 
Pondweeds, the Swamp Peraicaria, and Greater Bladderwort. In some 
cases small fragments of the border of the mat, a foot or more across, 
were free from attachment to it, and formed floating islands, which 
were moved about by the waves. 

In another small marshy area on the west side of a point still further 
east, the Slender Sedge and the Marsh Cinquefoil were still the domi- 
nant plants, but the Lake Bulrush wns present in snmll quantities, and 
near the landward border of this, as well as the other mentioned above, 
the River-bank HcUge and the Blue-Joint Grass were of frequent oc- 
currence. There were no aquatic plants noted beyond the margin of 
the sedge mat here. 

The location of all of these bogs on the western side of protecting land 
masses, and the fact that the eastern sides of these were being washed 
so strongly that the shores were covered by coarse gravel and boulders, 
with no vegetation near the water's edge, indicate the existence of a 
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prevailing current down the lake upon the north side. This current ia 
most probably set in motion by the westerly winds, blowing the water 
towards the east end of the lake and heaping it up there, whence it re- 
turns to the west end again, in part at least, along the north shore, and 
the island and points mentioned have small eddies on their western 
sides, which favor deposition of drift material, silt, etc., carried to them 
by this westerly current, and this, in turn, encourages the growth of 
plants which have built up the bogs. No soundings were made here 
on account of the small -size of the deposits and the apparent weakness 
of the sedge mats, but the water below the margin of the sedge mat was 
probably at least 6 feet deep. 

Sphagnum Bog Near Lake Antoine, Ii-on Mountain. 

On Sec. 20, T. 40 N., K. 30 W., a short distance north of Lake Antoine, 
was a small bog with some features of special interest, especially in 
the fact that there were stunted White, Norway and Jack Pines growing 
in the more open parts, besides Tamarack and Black Spruce, also much 
stunted. Around the shoreward margin, and especially at the northern 
end, where its width was greatest, was a dense growth of Balsam, Black 
Spruce and Tamarack with occasional White Pine forming a zone of 
variable width around the open part of the bog. This was irregularly 
elliptical in shape with a small pond of open water near the northern 
end, and was covered by a shrub-Sphagnum society, and the partly con- 
sumed stumps and other remains of trees, showed that fire had run over 
the surface at some recent time and destroyed tie mature trees. The 
water level, at the time the bog was visited, soon after a heavy rain, 
stood from 1 to 2 feet below the top of the Sphagnum mounds among 
the shrubs, but was above the surface in depressions. 

The water in the pond was more than 5 feet deep off the overhanging 
edge of the bog, and had no aquatic plants in it except a few plants of 
the Yellow Pond Lily, which grew so close to the margin that it was 
not possible to determine whether they grew from under the edge of the 
bog or not. 

The marginal plants here presented a new and most interesting de- 
parture from the usual order of advance; the posaibility of such a 
variation had been suggested by the conditions existing at Nathan, and 
in a more marked degree in the railroad ditches near Faunus. The 
whole border of the pond was fringed by a zone of shrubs, Cassandra 
and Andromeda predominating, 10 to 20 feet wide and pushing out 
into the open water. Of the two species, Andromeda seemed to be the 
more abundant and more vigorous grower here, frequently occupying 
considerable spaces and growing out into water several feet deep, for 
4 feet or more, with no apparent connection with the bottom. The Cas- 
sandra, on the whole, was nearly as frequent in the water as Andromeda, 
and in one place was seen sending out horizontal, partly submerged 
branches 6 feet from the shore, in water between 3 and 4 feet deep, 
but the plant grew taller and larger back from the margin and seemed 
more thrifty in the dryer parts of the bog, while the Andromeda was 
neither as abundant nor as thrifty in such places as it was nearer the 
edge of the water. 

After the shrubs had pushed out into the open water in this way and 
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formed a fringe of branches, often other plants would find a foothold 
with tbeni and would thus build amafl hummocks. Sphagnum, as wonid 
be expected, was one of the first plants thus to take advantage of the 
chance to extend its range and was to be seen in various places very near 
the water margin of the shrub growth, but never at it or in open water 
beyond. With the Sphagnum, a number of other plants were able to 
grow, including the Small Cranberry, which often followed the Andro- 
meda out into the water without the moss, supporting itself on the 
stems of the larger and more rigid plants and making a very thrifty 
growth in such places. Other plants found growing with the marginal 
shrubs and Sphagnum near the edge of the water were Bnckbean, the 
Round-leaved Sundew and Mud Sedge, but none of these were found ad- 
vancing beyond the Sphagnum. The association formed a border a foot 
above the level of the water in its highest parts, but on its shoreward 
edge the surface was lower, scarcely rising above the water level, over 
a zone from 10 to 20 feet wide. In this zone, the shrubs were fewer, 
and there was little if any Sphagnum ; the most abundant plants here 
were the White Beaked-rush and the Mud Sedge, which gave the zone 
distinct character. 

This merged abruptly into the mature Heath -Sphagnum zone, which 
presented fewer peculiarities, except that in places there were quite 
extensive patches of the Pale Ijaurel and where there were trees or 
stumps, the Sphngnuni mounds were built up to a height of 3 feet, or 
more, above the level of the water. On top of these mounds was found 
Labrador Tea, which did not grow on the lower ones nor on the sides 
of the higher ones. The same plant was found in the edge of the well 
developed Conifer zone, on the shoreward margin of the bog. growing 
on toj) of the highest Sphagnum mounds in the shade of the trees. 

Other plants in this Shrub-Sphagnum association were the Creeping 
Snowbcrry, Small Cranberry, Sheathed Cotton-grass, Virginia Cotton- 
grass, Few-flowered Sedge, here very abundant, and in the wetter places, 
near the lakeward border of the zone the Pitcher Plant was very com- 
mon. 

The swamp-conifer border of the Shrub-Sphagnum association was 
found to end abruptly on the landward side in the thickets of pines 
which came down the slopes around the bog, except in places where 
there was a narrow line of Common Alder lietween them in a shallow 
trough-like depression, in which also grew the River-bank Sedge. The 
most common species of pines in tlie highlands around the depression 
was the \\niite Pine, but the Jack and Norway Pines were also very 
frequent and making rapid growth. 

In borings near the margin of the lake, the water was found to ex- 
tend under the mat, to a depth of about 7 fwt, below which the peat 
was coarse and loosely compacted down to 11 feet, where wood was 
found. At a distance of about 75 feet from the north side of the pond, 
the peat was compact from 3 feet below the surface down to about 9 
feet, where fine clay was reached. The peat was brownish and rather 
coarse in texture, until near the bottom, where it became rather finer, 
but not darker iu color. 

The fact that tliis bog had Ijeen burned over hnd undoubtedly dis- 
turbed the relations of the plnnts to a certain extent, but this was not 
the cause of the peculiar lack of a sedge zone next the water margin. 
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as that would be the area to be least atfected by fire. The bog was oae 
of a number 6f similar ones which, as will be shown later, cooatitute a 
distinct t.vpe, in some of which, at least, no recognisable disturbance 
has occuri^d, except such as may have been brought about by natural 
forces, operating in the usual and general way, such as periods of pro- 
longed drought, or cycles of wet weather, which occur in all regions 
at intervals. 

Mature Valley Bog Xear Granite Bluff. 

But few mature bogs were examined in this region because of the 
lack of variety among them, since they were either usually Tamarack- 
Spmce-Cedar associations, or more rarely, covered with nearly pure 
Black Spruce, associated with Sphagnum and shrubs, in which the 
Spruce was usually very much stunted and more or less scattered. A 
swalQp of this type was examined on Sec. 21, T. 41 N., R. 30 W., near 
Granite Bluff, on the Chicago. Milwaukee and St. Paul B. R. The 
swamp occupied a valley and extended a considerable distance in either 
direction (towards the east as far as the railroad), from the part ex- 
amined, and, as far as seen, showing the same characteristics. 

The Black Spruce was the dominant tree species, but was poor and 
stunted in appearance, and formed a very thin growth, below which was 
a heavy covering of Sphagnum, with dense Cassandra and Andromeda. 
As is usually the case, the surface of the Sphagnum was uneven, built 
up in mounds 18 inches to 2 feet high above the water level in places, 
and with relatively bare spots or depressions in others. Upon the 
mounds we're the Labrador Tea, Sheathed Cotton-grass, Three-leaved 
Solomon's Seal, Pale Laurel and Small Cranberry, and more rarely, 
the top of a mound was covered by the Hair-cap Moss, which, for the 
time at least, ends the work of the Sphagnum in upbuilding, since the 
other moss is able to kill it out, when once it is established upon it. 
In crossing this swamp from one side to the other, the surface was 
level and the plants named were the only ones seen, until near the 
shores. These had formerly been coveoed by a pine forest, and com- 
mon plants near the foot of the slopes from the higher ground were 
Sweet-fern, Hair-cap Moss, Canada, Dwarf and Low Black Blueberries, 
Bunchberry, Wintergreen, Goldthread and Trailing Arbutus. These 
plants, except Sweet-fern, also grow in the Sphagnum on the mar^o 
of the swamp, while the Creeping Snowberry and Mountain Holly were 
also found in this habitat. On the other hand the I>abrador Tea was 
found more than 2 feet above the water level, the Cassandra, the Black 
Spruce and Pale Laurel all were found growing in mineral soil above 
the Sphagnum, some of them competing successftltly with Sweet-fern 
for space; the flres following the clearing of the pine probably affected 
the composition of the plant societies of this marginal area in a marked 
degree, but if so, their effects have nearly disappeared, since the peat 
along the borders of the mineral soil seemed never to have l>een burned, 
and there were few if any charred stumps upon the borders of the 
swamp. The main effects of the burnings were seen on the higher 
ground and in the absence of pines from the sides of the valley. If 
these had been present, the plants i-eiiuiring much light would have 
been absent from the marginal area. 
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The peat iq this swamp Svas about 9 feet deep, half va,r across the 
vailey, in the places where tests were made, and for about 1 feet from 
the surface was filled with logs, and the roots and branches of trera 
and shrubs and such coarse plant debris. Below this depth the struc- 
ture was finer, but even at the bottom of the deposit it was not well 
decomposed, although the color was quite dark. Below the peat, the 
bottom was moderately coarse, whitish sand. 

Badwttter Lake, ^'orth of Iron Mountam. 

While this is not a peat-bog lake, some interesting phases of peat 
formation were observed here which were not found elsewhere, and a 
brief account of them is not out of place here. Badwater Lake is a 
small lake about 5 miles north of Iron Mountain, and is situated oh 
Sec. 1, T. 40 N., B. 31 W., in a depression which is connected by a wide, 
bayou-like outlet, nearly one-half mile long, with Menominee river, so 
that the water of the lake rises and falls with the river, at least in 
times of flood. Thia leaves a space from 3 to 4 feet above the level of 
the lake in ordinary stages, which is flooded periodically but which re- 
ceives little silt from the river because of the distance from the stream 
to the lake. Upon this flooded area was a dense growth of shrubs and 
such trees as Balsam Poplar, White Aah and Willows. The most 
common shrubs were the Winterberry, Red-osier Dogwood, Common 
Alder, various species of Willows, Meadow-Sweet and Sweet Gale, the 
latter a plant usually found in much wetter places. The bush swamp 
widens out along the outlet and here, on the margin of the water and 
growing out into it, were the Creeping Spike-rush and Sweet Flag, 
making a broad zone pf marsh, in which were growing the Marsh Cin- 
quefoil, the Swamp Persiearia and a species of Horsetail. Beyond this 
unusual association was a zone of Yellow Pond Lily and Pondweeds. 
At the northern end of the lake the aquatic plants were much more 
abundant than elsewhere and covered considerable areas. From the 
relationship of the shrubs to these aquatic zones it would seem that 
the high water of the spring was able to prevent the shrubs from cov- 
ering the entire area between the high water and low water marks by 
drowning them out, bat was not able to prevent the marginal zone 
from occupying a space above the low water or ordinary level of the 
lake, since the species found there are at all stages indifferent to pro- 
longed submergence and to considerable drying out as well. The shores 
of this lake, on the east and north sides, were high and steep and were 
covered with Norway and White Pine, wbich ran down nearly to the 
high water mark. 

A Small Lake Xcar Badivater Lake. 

This was about one-half mile south of Badwater lake, in the same 
depression, and was remarkable in several ways. Unlike Badwater 
lake, it had no outlet, and was surrounded by a well developed peat 
bog, covered by a vigorous growth of Cassandra and other heaths with 
relatively few conifers except near the shoreward edge and in small 
groups near the water. The growth of shrubs was much wider on the 
western side of the lake than upon the eastern and came down into or 
very near, the water all about the lake. On the north and east sides 
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(Plate XXIV), was a narrow zone of the Slender Sedge, growing at- 
tached to the bottom, the water being about a foot deep beyond the Qiick 
edge of the tnrf, which the interlaced roots and atems formed. In a 
few cases the sedge was sending oat long sub-aqueous rhizomes, or hori- 
zontal stems, a foot or more beyond the edge of this turf, into the clear 
water, but, in general, the new branches were growing oatward and 
downward, diagonally over the edge of the tnrf, making, apparently, 
for the bottom. Growth in this direction would give a slower advance, 
but would make the resulting turf exceedingly tough and strong. In 
spots, outside of this sedge, were masses of Creeping Sedge and of Dn- 
licbium growing in the shallow water. In the deeper water were a few 
plants of the Yellow and White Pond Lilies and of Pondweeds, bat 
these nowhere were abundant. On this part of the shore, fallen logs, 
which reached across the sedge into the water, were covered with masses 
of Cassandra and Andromeda on all parts above the water level. Above 
the sedge zone, and mingling with it on the shoreward margin, was a 
dense growth of Cassandra with some Andromeda. Tbe Cassandra 
was very large here and, in places, was unaccompanied by other plants, 
not even moss growing under its dense shade. 

Around the south and west shores where the shrub zone was broader, 
Andromeda and Cassandra were the marginal and advancing plants, 
the Slender Sedge appearing only occasionally and then as an intra- 
marginal plant, 15 to 20 feet back from the water. {Plate XXV). An- 
dromeda, along these shores, formed n dense fringe, reaching out into and 
over the water nearly foar feet, the stems living and retaining their leaves 
as long as the leaves were above water, which was here more than 3 feet 
deep in most places, and more than 11 feet, where the mat was widest, 
with a soft bottom of vegetable ooze. The stems of Andromeda thus 
submerged did not send out roots into the deep water in most cases, 
as they did in shallower water, but were kept alive from the shore 
until they were submerged, or until the dead material beneath had 
accumalated in sufficient quantity to form a sort of substratum or soil 
for them. While this is going on, other plants take advantage uf the 
support which the aerial parts of the stems afford and grow out upon 
them at and above the surface, binding the mass into a firmer structure. 
The plants thus growing on and around the advancing Andromeda and 
Cassandra here, were Sphagnum. Ci-eeping Sedge, Slender Sedge, 
Prickly Sedge, White Beaked-rush. Smfill Cranberry. Buckbean,- Bnlb- 
bearing Water Hemlock, Round Leaved Sundew, Pitcher Plant, Pale 
Laurel, and Marsh Cinquefoil, and all of these, but especially the sedges 
and shrubs, help in compacting atid binding together the structure 
started by the Andromeda and Cassandra. A careful examination of 
this at its outer edge, showed it to be about a foot thick, firm and tough 
as though very old. A section through it, G inches from the margin, 
gave the following as its composition : A few inches of Sphagnum 
mixed with sedge root-stocks and leaves of various plants, then a layer 
of stems of .\ndromeda and other shrubs, wrv little deiomposed, and 
mixed with the roots and rootstocks of sedges, below which was a closely 
interwoven mass of fine, branching shrub roots and the simpler ones of 
the sedges, which, together, make a very tough, compact substratum. 
The sedges had apparently bound tiie steins of the shrubs together by ^ 
their roots and stems, and while this was being done the shrubs also 
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seat out numerouB finely branching roots which aBeisted in binding the 
lower parts of the structure together and added to its thickness. Below 
this turf, at the place where the section was made, the water seemed 
' free from > any sediment for some distance from the margin, but, never- 
theless, the mat increased in thickness as one went shoreward. In shal- 
low pla'ees, Audromeda was sending out long, slender, muchnlivided 
roots from the older nodes of the submerged stems, and it is probable 
that this occurs in deeper water as well, even where the roots cannot 
reach the bottom. 

Patches of the dead stems of the Andromeda and Cassandra, beyond 
the present water margin and attached to the bottom in 2 or 3 feet of 
water, seemed to indicate thsit the water in the lake is higher than 
formerly', although it Is possible that these masses may have been 
broken oft from the margin in some way and have sunk by becoming 
waterlogged. The only aquatic plauts seen near the border of the 
sbmb mat, where the few plants of the Sweet-scented Water Lily growing 
very near to the shore in about 3 feet of water. 

A small boggy lake on the east half of Sec. 7, T. 40 N., R. 30 W., in 
which ojwn water covered about 15 acres, presented the following dif- 
ferences in detail from that last described: The shoreward border had 
a narrow zone of Spruce and Tamarack. There was a Sphagnum Shrub 
zone of about 100 feet in width, iu which the Fale Laurel, Cassandra 
and Andromeda wore the most abuudast plants, but the Buckbean, the 
Pitcher Plant, and the Tall and Virginia Cotton-grasses were also well 
distributed over the surface. Andromeda was by far the most active 
plant of the greater part of the marginal zone, showing distinctly as 
a pale green border to the open water or even forming islands 25 feet 
from the shore. The Causandra funned occasional intrusions into the 
Andromeda zone, hut was nowhere so abundant. In a small inlet on 
the margin there were patches of the Slender Sedge growing into the 
water, but not so vigorously as the Andromeda. The water along the 
mai^iu of the advancing plants was from 2 to 3 feet deep, and a short 
distance from the shore there was a narrow, interrupted zone of the 
Yellow Pond Lily and the Common Floating Pondweed, into which, in 
some cases, the long stems of the Andromeda were pushing. In no 
part of the marginal zone of this lake was there any Sphagnum present 
with the advancing Heaths, the moss, in most cases, being several feet 
behind the advance of the shrubs. 

Bog Xear Tirin Falls. 

The final stages of such bogn as those above, were found in a small, 
steep-sided depression upon the section line between section 7 and section 
12 of the next township west, a short distance from Twin Falls of Menomi- 
nee river. Around the depression was a good second growth of White and 
Norway Pine growing down the sides nearly to the level of the bog, which 
covered an area of a few nci-es only, and had no open water upon it. In 
the middle of the l)og, however, was an irregularly elliptical area, lower 
than the general surface and much wetter, which probably represented 
the part of the water surface last covered. Upon this wet portion the 
principal plants were low-growing si)ecimen8 of Andromeda, with rela- 
tively few of Cassandra and Pitcher Plant. Virginia Cotton-grass, a slen- 
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der species of Bedge aod a small amount of Sphagnum. In the zone which 
extended shoreward of this, a hundred feet wide, or more, Sphagnum 
was very abundant, Cassandra covered most of the surface, reaching a 
height of 2y2 feet, while in the center it was but a foot high. In this 
zone there were old stumps of trees, while Black Spruce, Tamarack 
and young Norway and White Pines were scattered over its surface. 
Labrador Tea was present only around the shoreward margin of this 
bog. forming a well-marked zone, which reached, at its upper limit, a 
height of 3 feet above the water level. Cassandra and the Pale Laurel 
also grew in this zone, and were here associated with the Canada, the 
Common and the Low Black Blueberries, the Twin-flower, Bunch-berry, 
Barren Strawberry, Wintergreen, Trailing Arbutus, Sweet-fern, Com- 
mon Brake, and Clintonia, all plants of the high ground associations 
in this locality, and abounding on the wooded slopes. Sphagnum was 
found in this zone growing 2 feet above the water level in the bog. No 
attempt was made in this tension, or mating, zone between the bog and 
upland societies, to find the level of the water in the mineral soil, but 
it was doubtless not far from the surface. Still, the drainage was suf- 
ficient 80 that in the upper part of the zone there was but a slight ac- 
cumulation of humus, and the plants were all growing in nearly pure 
sand. The Common Alder grew up the slopes about this bog to a height 
of about 10 feet above the water level. 

This bog gave additional evidence of the step-like advances which 
plants make over the surface of the water, in the well-marked zonation 
about the central depression. Apparently the shoreward border ot.the 
depression was for a long time the limit of open water, nntil the bot- 
tom was bnilt up nearly to the snrface, and then, in a dry period, the 
cloBing-in was accomplished and it is now only a matter of a short time 
when the surface will be of uniform height above the water level, as 
in a few years. Sphagnum and shrnbs will cover the surface of the de- 
pression and fill it up, if the usual order of succession of plants goes 
on in ordinary course. 

Lakes Near 8agola. 

Of quite a different type from those just described, was a small lake 
a few miles south of Sagola in T. 42 N., R. 30 W. The lake was in a 
slight depression in a sand plain and had been surrounded by a Tam- 
arack-Spruce-Cedar swamp, but the trees had suffered severely from 
fires, the surface of the swamp had been lower^ from the same cause, 
and there were extensive tracts of Cat-tail growing under the dead 
trees and in depressions. The water in the lake was shallow, and had 
a good marginal zone of the Yellow Pond Lily and tracts of the same 
apecies scattered over the surface. Bordering the oijen water, was a 
zone of Sedge and Sweet Gale, extending to below the present water 
level, and shoreward of this was a zone of Cassandra and other heaths 
with Sphagnum in abundance, and still nearer the high ground was 
the Conifer zone. The Sweet Gale was here apparently the most active 
species in pushing out from the shore, as it was present along much of 
the margin, lakeward of other plants, and grew luxuriantly in the shal- 
low water. This shrub grows so tall and is so dense of foliage that 
few other species follow it closely, so it does not build as firm a struc- 
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ture as other specieB do. From the depth of the water in which thi» 
plant was growing; in places, there had probably been a rather recent 
rise 'of water in thin lake. 

A small lake, a quarter of a mile or so north of the one just described, 
and npoD the east aide of the road, was quite diaaimilar iu the plant 
asBociations which bordered it, although apparently no deeper. In this 
there were a few plants of the Yellow Pond Lily, much scattered. There- 
was a very narrow zone of Andromeda with Cassandra, the Slender and 
other Bedges and quantities of the Marsh Shield-fern mixed with the 
shrubs. Growing up close to the marginal zone, was an open growth 
of Black Spruce, Cedar and Tamarack, associated with which were 
Andromeda, Buckbeaa, Marsh Shield-fern, Cassandra, the Small Cran- 
berry, Marsh Cinquefoil, Cat-tail, Pitcher Plant, Marsh Bell-flower, Com- 
mon Alder, JoePye Weed, Wool-grass, Myftle-leaved Willow, Three- 
leaved Solomon's Seal, and th^ Tall White Bog Orchis. 

There were no indications here of any recent advance of the marginal 
zone lakeward, as the trees growing nearly to the water's edge were 
of good size and were many years old; the narrow zone of Andromeda 
about and in the edge of the water was thrifty, but was not making^ 
much growth into the water, and this may account for the lack of 
width, but there was no apparent reason for the slow progress lake 
ward,' although a more careful study might reveal one. 

Bogs and Lakes Near Crystal Falls. 

The region about Crystal Falls, especially to the east and northeast, 
has many extensive swampy and boggy tracts which are covered by 
peat to a greater or less depth. These were originally Tamarack-Spruce- 
Cedar swamps now burned or cut over, and many of them have small 
lakes with more or less of open marsh in them. In general, these de 
posits, as far as tested, were found to be shallow, only a few feet in 
depth, but near the middle of the more extensive ones they were often 
more than 12 feet deep and the peat was of good quality. 

In a few examples studied, the plant societies were noted, all, how- 
ever, showing the effects of Are at some rather recent period in their 
history. 

A Mature Bog: An area 2 or 3 miles north of Crystal Falls was evi- 
dently burned over 10 or 15 years ago, at which time the large Spruces 
and Tamaracks upon it had been killed, but since then a good growth 
of young trees of the same species has started. The surface was uni- 
formly covered with a dense growth of Sphagnum associated with 
shrubs, of which the Labrador Tea and Cassandra were the abundant 
species, with a very little Andromeda. Pale Laurel and Small Cran- 
berry growing with them. The water level was about 2 feet below the 
surface of the Sphagnum. Of herbaceous plants the Few-seeded Sedge 
and the Few-flowered Sedge were the most frequent types, but the 
Sheathed Cotton-grass, Pitcher Plant and Three-leaved Solomon's Seal 
were somewhat common. The Pitcher Plants were buried deep in 
Sphagnum, generally only the mouths of the openings in the tubular 
leaves showing, and as these jdants were thriving, an apparent secondary 
use for the peculiar tubular structure of the leaves is suggested, viz.: 
that it gives exposure to the light when the leaves otherwise woi(licb|c 
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cease fnnctioiiiiig, or nearly so, from being overgrown by the Sphagnum. 
Ab it is, the expanded lip of the leaf, which ie not covered, and the in- 
terior of the tube give opportunity (or the light to reach relatively large 
green surfaces, so that photosynthesis is able to go on without diffi- 
culty. It is even possible that the water held in the cavity of the leaf 
aids in diffusing and refracting the light so that it reaches all parts 
of the interior of the "pitcher." 

This bog represents the general character of the maiare phases of 
bog aaaociations in the region. Of the immature phases, where there 
were lakes with marshes and bogs about them, a number were seen and 
a few interesting localities were studied. 

Camp Lake, a Partly Filled Lake: Among these, Camp Labe, situated 
on sections 27 and 34, T. 44 N., B. 33 W., was visited, and foand to have 
a wet sedge marsh around it, but next to the water was a narrower 
zone of Cassandra and Andromeda, which, as usual in cases where this 
occurred, was pushing out over and into the water. The Cassandra 
stems were extended horizontally more than 3 feet, and those of the 
Andromeda often 4 or 5 feet, into water at least 3 feet deep. 

Under the margin of the advancing shrubs began a well-developed 
zone of Yellow Tend Lily, which was 50 or more feet broad, and beyond 
this was an aquatic northern form of Burreed growing in the deeper 
water, and forming a well-marked zone, lakeward of the Pond Lily zone. 

Associated with the shrubs were the Slender Sedge, Marsh Cinque- 
foil, Pitcher Plant, Sphagnum, Marsh St. John's-wort, and the Bound- 
leaved Sundew. The Sphagnum was growing upon the established turf 
a foot above the water level, and did not extend out into the water 
among the advancing shrubs. In the sedge zone were patches of Cas- 
sandra, extending shoreward nearly to the bank, and in many cases 
the remains of shrubs, charred by fire, showed that that destructive 
agent had recently modified conditions in this area. The moat common 
plant of the sedge zone was the Bottle Sedge, but with it were the 
Slender and Mnd Sedges, the Blue Flag, Wild Calla, Marsh Cinquefoil, 
and Sphagnum and Hypnura mosses below them in the wetter places. 
The conspicuous plant of this association was, however, the Bottle 
Sedge, which grew very tall and, with its yellowish foliage and large 
fruiting spikes, made a striking appearance. 

Shoreward of the sedge zone was a well-deflned zone of Blue-Joint 
Grass, several feet wide, which was above the water level and which 
landward merged abruptly into the plant society of the burned over 
pine lands. 

The unusual relation of the sedge and shrub zones here, and the 
fact that the shrub zone is higher than the surface of the sedge zone, 
may indicate that a severe fire, at a time when the water iu the laiie 
was low, destroyed much of the peat which had acciimulated, leaving 
only a narrow border near the water in which the peat was too wot 
to burn; this was the nucleus of the present growth of shrubs at tlie 
margin of the lake, and in the depression behind it, the sedges have 
since establislied themselves and the water level has risen until a wet 
marsh is the result. The fact that the lake lies in a region which has 
been cleared of pine, and that evidences of fire were seen below the 
water level at the time when the lake was visited, makes the hypothesis 
advanced seem the more reasonable. , 
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Spring Bog Xear Camp Lake: Camp lake is a partly filled depreHSiou 
in an elevated portion of a dissected gravel plain and has no outlet 
above the surface, but about one-eighth of a mile to the west is a steep 
slope, at the bottom of which. 50 feet below the level of the lake, is a 
large spring-bog, covered around the margin hy an old growth of Cedar, 
Tamarack and Hpruce, with an open bog and small lake in the middle. 
This is fed bv a great number of powerful springs, and is apparently 
one of the outlets for the water of the lake, although the porous nature 
of much of the higher land in the vicinity wonld not preclude the sup- 
position that these are ordinary seepage springs, if it were not for the 
large number which are to be found over the bottom of the depression 
and the proximity of the lake without other outlet. The pool formed 
by the union of tiie waters of thene springs was of considerable size, sur- 
rounded by a floating or quaking bog, bordered by stools of the Bristly 
Sedge, together with quantities of the Marsh Shield-fern and the Sweet 
Gale. The latter bordered the shallow water of th.; pond, in which were 
some plants of the Yellow Pond Lily and many small islands of Sweet 
Gale. Shoreward of the Hedge-Sweet Gale zone, was a broader one, 
covered by Sphagnum to a depth of a few inches, where the water level 
was i inches below the surface; and growing in the soil thus formed 
were Buckbean, Small Cranberry, short, small plants of Andromeda and 
Cassandra, Cotton-grass, Pitcher-Plant, Marsh Cinquefoil, Mud Sedge, 
Marsh Shield'-fern and several Orchids. 

This marsh gave place, landward, to a slightly dryer one, with deeper 
Sphagnum and larger shrubs in which were clumps and individual 
trees of youug Tamarack. The herbaceous plants here were several 
species of sedges, among which Magellan's, the Lesser Fanicted and the 
little I'rickty Sedges, were the most noticeable. Buckbean, Pitcher 
Plant, and Orchids, here very abundant, of the three species, the Tall 
White Bog Orchis, the Tall Ijcafy Green Orchis and Ladies' Tresses, 
In parts of this area were beds of Andromeda nearly buried in Sphag- 
num. 

StiU nearer the high ground was the mature Conifer zone, rather 
open on the pondward side, but dense farther in shore. In this, the 
Sphagnum had built up mounds, in places from 2 to 3 feet high. At 
the latter height, however, the Hair-cap Moss was almost invariably 
on top, and where it was not. the Reindeer Lichen replaced it. On 
the tops of these mounds, growing among the mosses, were Labrador 
Tea, Bunch-berry, Creeping Snowberry, Twin-flower, Goldthread, Marsh 
White Violet, Fringed Polygala, Mountain Maole, young Tamarack, 
Common Horsetail, Goose grass, Clintonia. Bed Raspberry. Three-leaved 
Solomoh's Seal, and Small Bishop's-cap. 

Between the hummocks built up by the Sphagnum oround shrubs and 
tree roots, often in the water, were found Wild Calla, Marsh Marigold, 
Swamp Saxifrage, Pitcher Plant, Bound-leaved Sundew, Buckbean, 
Small Cranberry and Marsh Shield-fern. In parts of this zone, where 
it was not deeply shaded. Sweet Gale grew with Labrador Tea and 
Cassandra upon the stools about the roots of trees, 2 to » feet above the 
water level, where Sphagnum was giving place to Reindeer Lichen, 
thus growing at the greatest distance of any of the marginal shrubs 
above the water level, as well as l)eIow it. 

The water in the springs was cold and clear with an irony taate, 
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but the outlets were often clogged with dense masses of Algae, through 
which tiie water bubbled up and flowed away in small streama. 
Around these outlets were sonietimj^s beds of Hypnnm moss, with 
which was usually growing quantities of Smaller Bur-Marigold, The 
spring outlet-streams were usually lost in the marsh, before reach- 
ing the pond, but a few of the stronger ones persisted until they 
reached it; the surface of the bog sloped slightly from the older tim- 
ber zone to the pond and apparently had been built up as the result of 
peat development following the constant outflow of water over the 
surface, which created conditions favorable to its development. This 
and a similar bog near Hunkle Ijake, about a mile and a quarter east 
of Crystal Falls were the only spring-formed bogs visited. The Runkle 
Lake bog was also caused by springs which were the only outlet of the 
lake, but was more nearly of the ordinary type of mature Tamarack- 
Spruce-Cedar association, such as has been frequently described. 

Bogs Near Amasa. 

A River-Flooded Txikc: The point farthest north which was reached 
in this region was the town of Amasa, T, 44 X,. R. 33 W'.. where on sec- 
tion 5, a small lake near Little Hemlock river, was examined. 

The marginal zone here was made up entirely of Sweet Gale, which 
was advancing over the water, and the Tuswock Sedge, shoreward, of 
which was a continuous zone of Cattail. Sweet Gale and Common Al- 
der, sometimes mixed and sometimes in dense patches of a single 
species. Still nearer the shore was a marsh in which the Tussock 
Sedge was the dominant plant and had built np tussocks to a height of 
more than two feet, with nearly dry ground between. Some Sweet 
Gale gi-ew between the tussocks and upon them were thrifty plants 
of Cassandra and Blue Joint Grass. The plants, beside the Sweet Gale, 
which were found growing with the Cat-tail, were Sphagnum, the 
Marsh. Willow-herb, Marsh Shield-fern, Marsh St. John's-wort and Marsh 
Cinquefoil. Under dense patches of Sweet Gale in this zone, there was 
Bome Sphagnum and a few small light colored plants of Marsh St. John's- 
wort and Touch-me-not. The water level in this zone was about 6 inches 
below the surface of the quaking turf-like structure upon which the 
plants were growing. 

The shoreward marginal zone was made up chiefly of shrubs, of which 
the Sweet (iale was the most abundant, but the Common Alder. Buck- 
thorn and Cassandra were common, while upon the tussocks of sedge 
were occasional plants of Labrador Tea. Between this zone and the 
high ground vegetation, there was formerly a zone of conifers, as charred 
stumps showed, but when visited no trees existed there. The lake was 
in a gravel plain and was formerly surrounded by a pine forest. 

The close connection of this lake with the river suj^^ts the prob- 
ability of i«>riodical flooding of the marginal zone, which in turn, may 
account for the mixed character of the associations of the varioiis 
zones and the wide distribution of the Sweet Gale. 

A Mature Bog: On section 6 of the same township, was a well pre- 
served bog of the mature tyjie, which was characterlstie of the bogs of 
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the vicinity. The surface naa covered b,v a dense growth of Sphagnum, 
which was from 1 to li/. feet deep, and the water level from l^.^ to 2 feet 
below the surface of the growing moss. The trees were chiefiy Btnnted 
Black Spruces, which were mixed with a few Tamaracks. The ahruba were 
Cassandra, the dominant species, Andromeda and Pale Laurel, common, 
and Labrador Tea rather frequent, but growing best on the tops of the 
Sphagnum knolls and on stumps and roots of trees, and it was the only 
shrubby heath on the dryer ground of the margin, except the Blueberries 
which were here associated with it. The herbs growing in the Sphag- 
num were Pitcher Plant, Three-leaved Solomon's Seal, Sheathed and 
Virginia Cotton-grass, Three-seeded Sedge, Creeping Snowberry; Moun- 
tain Ash was abundant near the shoreward margin with the Labrador 
Tea. The peat here was full of roots and fallen logs and about 10 feet 
deep where tested. 

Spruce Bog at Balaam. 

At Balsam station (section 13, T. 4i N., R. 33 W.) the junction of 
the Amasa branch of the C. & N, W. R. R. and the Superior division 
of the C. M. & St. P. K. K., was a fine example of a Spruce bog. (Plate 
XXVI.) The Spruce was much stunted and rather sparsely distributed 
over the surface, with a few small Tamaracks mixed with it. The surface 
of the bog was covered with a Sphagnum-Heath association with Cas- 
sandra the dominant plant, and Andromeda and Pitcher Plant 
abundant. 

Over much of the surface the water was less than a foot down, but in 
jtlaces where the Spruces were grouped together the Sphagnum had 
grown up around them to a height of more than 2 feet above water and 
in such places, Labrador Tea and Canada Blueberry were frequent* on 
the tops of the hummocks. On some of these hummocks the Hair-Cap 
moss had established itself and frequently the Reindeer Lichen as well. 
Besides the plants mentioned, the general bog association included the 
Small Cranberry, the Virginia Cotton-grass, Three-leaved Solomon's 
Seal, and Few-flowered Sedge. The Spruces were many of them infested 
by the parasite, the Smalt Mistletoe, and there were hundreds of dead 
Spruces which seemed to have been killed by this pest, while many of 
the living ones were distorted by its attacks, showing the characteris- 
tic "witches' brooms," due to abnormal branching. In the ditches be- 
side the railroads were found Cassandra and Andromeda frequently 
nearly filling the ditch, while in some places Sphagnum was growing 
abundantly as an aquatic, one of the very few observations of this 
character made during the entire trip and apparently a rare occur- 
i-ence, even in similar situations. Where holes which reach below the 
water level are cut in the peat upon which Sphagnum is growing, as 
in the case of these ditches, the moss will sometimes establish itself 
in the water. That it does not always do so, or even usually, may be 
due to the fact that the species which can live in the water are not pres- 
ent when the holes are cut. 

In places where fire bad burned oflf the surface layers of moss and 
shrubs so that the water level was near the surface, the Few -flowered 
Sedge and Pitcher Plant were prominent, but the other plauts of the 
Sphagnuni-ITeath atiso<'intinn were usually present with them and(^(^rQlc 
parentis' would soon surpass them. O 
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This body of peat, while not of great extent, is near others and most 
favorably situated for exploitation in connectiOD with the iron mines 
at Amasa and Crystal Falls. It is, however, rather shallow, averaging 
about 6 feet in depth where tested, and was only 7 feet, near the mid- 
dle. The peat was rather light colored and not well decomposed. 

In several places, "islands" rising above the general surface were 
noted. Some of these were barued off and showed a formation of 
mineral soil, with 2 or 3 feet of peat above the water level. On such 
islands Labrador Tea grew with great luxuriance. The railroad 
grades were, in part, covered by grasses, but in places the bog heaths, 
especially Cassandra, had established themselves upou them, and the 
Canada Blueberry was often a dominant plant near the top of the 4- 
foot gravel embankment. 

Sand Plain Lakes and Bogs South of Crystal Falls. 

In the extensive sand plain, south of Crystal Falls are a large num- 
ber of depressions, some of which have bogs in the mature stages, 
while others have lakes with scarcely a trace of filling. Some of these 
unfilled lakes are shallow, while some of the partly filled ones are very 
deep off the edge of the boggy mai^in, so that it seems apparent that 
depth does Dot control the rate of filling, although if other things 
were equal this would be the case. The following examples from this 
sand plain region illustrate this interesting point, as well as show the 
conditions of peat formation existing there. 

In the vicinity of Clara Lake, T. 42 N., R. 32 W., the open plain is 
rolling iu character with occasionally a rock hill a hundred or more feet 
above the general surface. The prevailing flora is that of burned over 
pine lands, and the chief species of pines here are the Jack and Nor- 
way, while Scarlet Oak, Poplars, Sweet-fern, the low Blueberries and 
various dry ground grasses and sedges constitute the greater part of 
the rest of the flora. 

.4. Rejuvenated Sedge Bog Near Clara Lake: In a small depres- 
sion, a mile or so south of Clara Lake, the water was about 
3 feet deep when visited, and in it was a dense mass of Slender 
Sedge covering the deepest part of the pond. Surrounding this 
was a well marked zone of Bottle Sedge, growing in water 1 and 1^ 
feet deep, shoreward of which was a zone of Tall Manna-grass and 
Blue Flag. From the water's edge up to about 2 feet above it, was a 
zone of Willows and Meadow-Sweet, and above this, Blue-Joint Grass, 
Sweet-fern and Tall Blackberry formed a well marked zone around the 
depression. This was an unusual combination, and was probably the 
result of rather recent disturbance of plant relations by fires which de- 
stroyed the older association, and the ground was then occupied by 
the plants nearest at hand. There was no indication that the bottom of 
this depression, shallow as it was, had ever been filled with peat. 

Two Shallow Lakes in the Sand Plain: In a shallow lake 
on sections 21 and 22 of the same township, was a more usual 
association, but one not frequently observed in the region : the Yel- 
low Pond Lily formed a wide zone, in which were some Pond- 
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weedB and White Pond Lily plants. The shoreward margin of tiiia, 
was marked by a narrow zone is which the Lake Bulrash was the dom- 
inant plant, but growing with it, the Creeping Spike-rnah was abundant 
in places, as well as the Cat-tail, Near the water's edge, but growing in 
it, were small areas of Dnlichium. At the water's edge or a little below 
it was a well marked zone of chiefly Bweet Gale, but in places the 
Slender Sedge and Tussock Sedge replaced it. This zone of Sweet 
Gale extended up to about 3 feet above the level of the water, where 
it was replaced by an association in which the Common Alder was the 
moat notable plant. In the Sedge areas were Marsh Cinquefoil, Marsh 
St. John's-wort, Marsh Bell-flower, Wild Mint, Great Water Dock and 
in the higher parts of such places were some Sphagnum. Cassandra 
formed a slight admixture with the Sweet Gale in a few spots. This 
lake, with abundant aquatic vegetation, was characterized by the nar- 
row zone of marginal plants, which had made no progress away from ■ 
the shore, so that there was no border of peat. 

Another apparently very shallow lake was visited 2 or 3 miles .south- 
weat of the laat one, which, while it waa scarcely more advanced in the 
filling process than the one above described, was of sufficiently different 
character to warrant brief description. It is located in a region of 
eteep, high, sand and gravel ridges, which were formerly covered by a 
dense forest of Norway Pine, now replaced by abruba and Poplnra with 
a few email pines. In the lake were scattered plants of the Yellow 
Pond Lily, but nothing approaching a zonal development. The m.irgin 
of the pond had a border of Cassandra and Andromeda from a few feet 
to a few yards wide, both species reaching out into and over the water, 
the latter rather more frequently than the former. In this border were 
some Spruces and Tamaracks in the part nearest the shore and Sphag- 
num, with its surface 1 to 2 feet above the water level, was constant in 
all the lakeward margin of this zone, and in many cases was growing 
out beyond the limits of the shrubs upon fallen logs, but waa nowhere 
seen in the water in such places. In this Sphagnum-shrub bordering 
zone were the Buckbean, Pitcher Plant, and Round Leaved Sundew 
near the water level, and back among the trees on higher places with 
Cassandra were the Small Cranberry, Labrador Tea, Creeping Snow- 
berry and Choke-berry, here noted for the first time in a bog in this 
region. These plants ascended the slope to a height of about 3 feet 
above the water and were competing with the Canada and Low Blue- 
I>errie8, and Common Brake for the ground. In this tension zone were 
also found the Mountain Holly, and the White and Norway Pines. 

Deep Lakes Xear (itager: South and west of Stager, were two re- 
markably deep lakes of the tarn type separated by a high, narrow, steep- 
sided gravel ridge, on which the wagon road runs. The slopes of this 
ridge were continuous with those of the bottom of the western'lake, which 
was very clear and deep, and apparently also with those of the eastern 
one in which the water was also very deep. The western lake had only a 
very narrow marginal zone of Cedar and accompanying plants, and in 
one place a small area of Slender Sedge. These plants had not begun to 
advance over the water at any place and the steeply sloping bottom could 
be seen to a depth of 25 or 30 feet below the surface, and water logged 
trees and similar di^bris distinctly seen lying on the slopes. 
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The bank upon the eastern aide of the road waa even steeper than 
that on the western, nearly perpendicular in one place, for several 
feet, and apparently ran without a change of slope into the lake, 
which was somewhat larger than the other. About this lake, however, 
there was a well developed heath bog, several hundred feet wide, all 
around the open water, in which Cassandra and Andromeda were the 
dominant plants, except for several rods of the shoreward margin 
where there was a well developed Tamarack-Black Spruce zone. 



The Andromeda and Cassandra were growing out from the edge of 
the tough mat, somewhat as shown in Figure 13, over and into the water 
to a distance of 3 or 4 feet, where the water was so deep that the bot- 
tom was not visible, although the water was sufficiently clear to allow 
the light to penetrate it for more than 10 feet. There were large masses 
of submerged branches and twigs of the shrubs in the water below the 
living ones and apparently it was these which furnished the snbstratiun 
upon which dually the shoots, sent out from the margin of the mat, 
took root, and gained sufficient stabiliti' to permit other plants to grow 
out upon them. Growing out from under the edge of the fringe of partly 
submerged shrubs, from an invisible base of attachment, which may have 
been the lower part of the mass of branches just described, were a few 
plants of Yellow Pond Lily, hut nothing like a zone of this species was 
present. There were no plants of other species growing upon the 
partly submerged shrubs, except a few plants of the Small Cranberry, 
but where the turf was established, Sphagnum was present, and with it 
the Small Cranberry was very abundant and associated with the Few 
Flowered Sedge, Pitcher Plant, Tall Cotton-grass, Pale Laurel. Three- 
leaved Solomon's Seal, Scheurhzeria and Buckbean. Cassandra. Pale 
Laurel and Labrador Tea were the chief shrubs of the conifer zone. 

These two basins were the deepest small ones visited, and uo eaiise was 
apparent why the larger one should be so far advanced toward filling, 
or at least toward being covered, while the smaller one, with identical 
structure and conditions should not have begun to fill, except that the 
proper plants had not become established about it. Neither was there 
any assignable cause why this deep lake should have so far advanced in 
developing into a bog while the much shallower ones described above, 
with the same plants about some of them, had made little or no progress 
in such development. In the case of the deep lakes just described 
there had been no severe fires about them in recent years, since there 
were mature living trees of several species aliout tlieir borders. 
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Mature Bogs Near Mary Lake: In the vicinity of Mary Lake. 
T. 42 N., R. 31 W., also in the gravel plain region, two mature 
bogs were visited. The first of these waa a heath bog, liighest 
in the middle, with dense growth of Cassandra and Andromeda 
on it, around which were either stretches of open water, or a 
broad zone of Slender Sedge and Bottle Sedge, with water a foot 
or more deep, while the landward margin from the water level up to 3 
feet above it, had a zone of Cassandra again, here growing in sand 
with Meadow-sweet, Low Blueberry, Bearborry, Twin-flower and other 
plants, some of which are important members of the Xorway Pine as- 
sociation of the surrounding barrens. 

' A short distance south of Mary Lake was a large depression in 
which was an extensive sedge marsh, the only one seen in the entire ex- 
pedition, in which the Few-seeded Sedge was the dominant plant over 
so large an area. This waa apparently a rejuvenated mature bog in 
which fire had swept away the plant association of the mature stages 
and at the same time lowered the surface of the peat to the water level ; 
thus conditions favorable for the growth of the sedge were developed, 
and as the plant is frequent in mature bogs in the more open and 
Dloister places, where flre might not destroy it. it may have spread from 
these places as centers until it covered the whole area. This would be 
especially the case if there were, at the same time, increase in the rain- 
fall sufficient to make the burned-over peat very wet. 

Evidence of burning existed in this bog in the form of numerous 
charred tree stumps, with more or less erposed roots; these served as 
the uuclei of islands of Cassandra and Sphagnum. Towards the mid- 
dle of the marsh the Cassandra became more generally spread over the 
surface, and here there were stunted Black Spruces and Tamaracks. 

.\round the Cassandra and other shrubs, and the trees. Sphagnum 
was usually found building up the surface a foot or two above the 
water level. This moss was also abundant in the shallow water of the 
Sedge marsh, rising but an inch or so above the surface, or at most 
only 6 inches. Aside from the Cassandra plants and groups of Andro- 
meda. Dwarf Birch and the Myrtle-leaved Willow were the centers of 
Sphagnum islands. 

Growing in the water with the Few-seeded Sedge were the Mud 
Sedge, the Slender Cotton-grass. Scheuchzeria, and Flat-leaved Bladder- 
wort, while the Pitcher Plant and Small Cranberry were occasionally 
found upon the Sphagnum islands. An udusual association was found 
in places, in the wet, shoreward margin of this bog, where the Three- 
seeded and Little Prick iy Sedges and Wool grass formed groups of 
low hummocks. Still shoreward of this, above the water level and out- 
side the bog, growing in the sand, was a zone of Alder, Dwarf Birch, 
Pale laurel, Labrador Tea, Choke Berry and Mountain Holly. These 
plants were all thrifty and were noticeably larger and stronger than 
those growing in the bog and grew as much as a hundred feet from its 
nmrgin. The Ijabrador Tea was the most abundant of the heath plants 
bore, and in many places covered the ground for a distance of from 50 
to 100 feet from the edge of the bog and successfully held it, in compe- 
tition with the usual sand plain vegetation, here represented by Norway 
and .Jack Pines, Beaked Hazel-nut. Tall Blackberry, Prairie Willow, 
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Sweet-fern, Low aod Canada Blaeberries, Trailing Arbutne, Bunch- 
lerry, Common Brake, Clintonia, Cow Wheat and Hair-cap Hobb. 

The occarrence of Labrador Tea in this association of well known 
dry ground plants, is exceedingly auggegtive as to its power to resist 
drought ; in the observations made up to this time it had been noted that 
this plant was practically always found in the dryeBt parts of the bogs 
in which it grew, but this was the first observation made, and amply 
confirmed by later ones, where it was a member in good standing of the 
drought-resisting or xerophytic asBociation of the sand plains, away from 
true bog conditions. 

The climax of this series of sand-plain bogs was abont a mile west 
of Mary Lake, in a large depression in a rolling part of the sand- 
plain. (Plate XXXII.) 

In one place, to the south of the center, was a small pond of open 
water, very shallow with a bottom of finely divided peat in which were 
growing the White and Yellow Pond Lilies and the Water Shield. This 
pond presented a peculiar problem, in the fact that the borders of it 
seemed to have b^n brokeo up rather recently, possibly by the wal- 
lowing of bears or trampling of deer so that its area had inci^ased. 
The margin was irregular and in places, in the water there were masses 
of dead shrubs with to^M standing above the water, not as islands, but 
as if attached to irregular fragments of larger masses or the submerged , 
remains of the former shore. Around the present margin was a zone of 
bare peat several feet wide, a very unusual condition, extending nearly 
around the entire pond. Back from this, was an association very rich 
in species for this zone, in which Sphagnum was very abundant and 
covered the surface. Growing in it were Pitcher Plant, Slender and 
Virginia Cotton-grasses, Mad Sedge, Schenchzeria, White Beaked-rush, 
Few-seeded Sedge, Small Cranberry and small plants of Cassandra and 
Andromeda. This was surrounded by almost pure Black Spruce 
growth, the trees stunted and scattered, in which Sphagnum had raised 
the surface in mounds, in places nearly 3 feet above the water level. Here 
the shrubs and other plants were in about the association usually 
found in such bogs, but in much of the open space between the trees, 
the Few-seeded Sedge was rather more abundant than was usual in 
such places. Towards the shore, the Sphagnum was not as deep, the 
water was nearer the surface and the Spruces had been killed by fires. 
Id this zone the Few-seeded Sedge and Cassandra were the chief plants 
over considerable areas, in the wetter places the sedge, and in dryer ones 
the sbrnb predominating. The amount of peat in this bog was large, 
as the depth was over 10 feet in most of the area, but it was very wet, 
so that in many places near the margin the mass could be shaken with- 
out much effort. In dryer times it is probable that there would be less 
percent of water in the peat, as the water level sank, but it is doubtful 
if such a deposit could be utilized under present conditions on account 
of the cost of preparing it for fuel. 

Bog Near Iron River. 

The only bog visited in the vicinity of Iron River, was found about 
a small lake 2 miles south of the town. The lake, or pond, was very 
shallow, showing bare fiats in many places, with a peaty bottom and 
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was full of small ialands, covered by Broad-leaved Arrow-head, Brintlj 
Sedge, and Creeping Spike-rush. The surface of the wat«- was covered 
in most places by Pondweeds and Yellow Pond Lily, with considerable 
of the Arrow-head in shallower places. The marginal zone was from 3 
to 5, up to 10 feet wide, in places examined, was easily shaken, 
and was occupied almost exclusively by sedges, of which the 
Slender Sedge and the Creeping Bpike-nish were the ones making most 
rapid advance over the mud bottom, l^e Tussock, Bristly, River-bank, 
and Porcupine Sedges, were all more or less engaged in forming tus- 
socks along the margin and in this way were aiding in extending the 
zone. In a few places the Lake Bulrush was established near the 
shore, but covered no large areas. Dulichium, Buckbean and Marsh 
Cinqnefoil, and in a few places. Sphagnum were also forming sm^il 
patches here and there in this zone, but Sphagnum was quite rare, and 
the other plants unimportant. Shoreward of this zone was a mndi 
broader one of Sphagnum, with which were growing Tamarack, Com- 
mon Alder, Cassandra, Pale Laurel, Marsh Cinquefoil, Small Cran- 
berry, Pitcher Plant, Blue Flag and several sedges. Still farther 
shoreward, was a dense growth of Cassandra, and a sone of Sedges, 
Andromeda, Pale Laurel and Jfeadow-sweet growing with thin Sphag- 
num ground-cover. This portion was practically all above water 
level, so that the peat was firm and dry, even in paths a foot or more 
below the general level of the moss. The surface sloped gently upward 
to higher ground and grew more and more dry, but the heaths 
persisted into a zone where the Hair-cap Moss replaced the Sphagnum 
almost entirely. In a part of this, the Pale Laurel was exceptionally 
abundant and vigorous, while Cassandra and Andromeda also were 
growing better than usual. With these Bhrubs were the Marsh Cinque- 
foil, Sedg^, Blue Flag, and some other species. At the top of the 
slope was a zone of Blue-Joint Grass and etill higher a thin growth of 
Poplars. Fire had swept over a part of this bog, but bo long ago that 
most of the plants had nearly reestablished themselves, although clear- 
ing had undoubtedly increased the importance of the shrub and herb 
societies, above the marginal zone. The fact that the surface of the 
bo)!! sloped, and that the water was so shallow, suggested a recent lower- 
ing of the water by ditching, but no time was available to find out 
whether this had been done. 

Mature Peat Bog North of Bessemer. 

During a two days' stay at Bessemer, a trip was made to a large peat 
bog on Eight Mile Creek, north of the city. This was one of the moat 
interesting bogs visited, in spite of the monotony of the conditions, for 
it had never been disturbed by fire or by man. The swamp or bog was 
covered by a growth of Black Spruce with some Tamaracks along the 
borders and occasionally in other places. The Spruce trees were of 
small size, slow-growing, as shown by the distance between the whorls 
of branches and were covered with lichens. The ground was usually 
covered with i^pbagnum and shrubs but in many places the shade of 
the trees or shrubs was so dense that apparently the moss was unable 
to grow. Along tiie creek Cassandra grew wry luxuriantly, reaching 
a height of about o feet and forming such a dense cover that nothii^ 
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was growing under it, although there was a sparse ^owth of old 
Tamaracks overtopping it. At a distance of from 8 to 15 rods from the 
stream the Cassandra was less dense, and Sphagnum and Blacli Spruce 
became the most noticeable plants. The Spruces were irregularly 
grouped with larger or smaller open spaces between them, thus form* 
iug a somewhat open stand. In the denser shade of the clumps there 
were practically no plants with the Sphagnum, when this was found in 
such places, except the Creeping Snowberry, which was frequently 
found alone, covering the ground with its delicate tracery. The more 
open places between the denser clumps of Spruce, had an association in 
which, besides Cassandra, were Labrador Tea, Canada Blueberry, Pale 
Laurel, and. rarely Andromeda; Small Cranberry and Creeping Snow- 
berry often formed dense mats over the Sphagnum. The Labrador Tea 
and Laurel had very broad and large leaves in this locality, probably 
an adaption to the reduced light, since plants in more open places, had 
much smaller, narrow ones. The herbaceous plants noted here were 
Stemless Ladies' Slipper, Indian Pipe, Wintergreen, Three-leaved Solo- 
mon's Seal, Pitcher Plant, Pew-flowered and Pew-seeded Sedges. This 
association oeenrred with slight variations as to the number of individ- 
uals of the given species, according to the depth of the Sphagnum, or 
the amount of shade developed by the trees, over wide areas in this 
bog, in fact in every part visited. 



I. 14. Swtlon of Bog north o( Bessemer, 
s. poorly decomposed. 



The peat was tested in several places; the first section gave the fol- 
lowing: Sphagnum 1 foot; coarse, poorly decomposed peat with roots 
of trees and Hhruba, 1 foot; below this the peat was finer grained and 
compact, with an abundance of sedge roots and fragments of root- 
stocks for 2 feet; at 9 feet fine clay 3 inches, below which were sand 
and gravel. Water at 1 foot from the surface. (Fig. 14.) ( \\,vJi' 
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Another teat showed the SphsgDum to be from 8 to 19 incheB deep, 
abruptly changing to compact, rather coarse, dark-brpwn peat, with 
abandant sedge remains, to a depth of 6 feet, then sand. The water 
level averaged 1 foot below the surface here. At a third station, a long 
distance from the second, the Sphagnum was abont a foot thick in the 
lower places and nearly 2 feet in the higher, where it was growing about 
shrubs, etc., i. e., variations of the surface were largely due to the 
variation in depth of Sphagnum. Below this the peat was rather 
coarse and dark colored, to a depth of d feet, with 5 inches of fine clay 
at the bottom and then sand. The water level here was about as it was 
in the other holes. 

It is evident from these borings, and numerous other tests here, 
that Sphagnum is only a superficial plant, which is of recent intro- 
duction upon the surface of the bog, for Bphagnam remains do not ap- 
pear in the more compact peat below the bottom of the moss. The peat 
formed by Sphagnum is so characteristic, so different in texture and 
color from that formed by any other plant, that it is not to be mistaken, 
when once it has been examined, for anything else, and peat with any 
considerable amount of the plant present, is very readily recognizable. 
The tests made point to the fact that this deposit was bnilt up 
largely by other plants than Sphagnum, and that for a considerable 
time before the Sphagnum established itself, the sedges were abundant 
and were eflScient in building np the surface of the bog. What the 
plants were which built up the lower parts of the deposit, was not de- 
termined, but there was no indication that they were sphagnum. In 
this deposit of peat, the plants seemed to have followed the same suc- 
cession and developed the same association as the climax, as those 
which were examined further south, and in most respects the flora 
would be identical with that in spruce swamps throughout the region 
studied, but it would be very rare in more southern parts of the state 
to find such an extensive development of peat in so shallow a depres- 
sion, if any were formed in it at all. 

Lalces and Bogs in the Keweenaw Peninsula. 

For the sake of comparison, and to determine, if possible, whether 
any different factors or plants entered into the formation of peat lx)gs 
in the northern part of the Xorthern Peninsula, from those found in 
the southern part, a brief reconnaissanne was made in the region about 
Houghton, during the first week in September. A trip was made to 
the Winona mine near which there were several small lakes, partly 
filled, and some bogs representing completely filled ones. 

Bog Near ^Vinona Mine: The first locality visited was a small 1k^ in 
a heavily wooded country, the chief high-ground trees being Yellow Birch 
and Sugar Maple. The" bog was in section 32, T. 52 N., B. 36 W., was 
elliptical in shape, with a distinct zonal arrangement of the plants about 
it and had in the center an open marsh in which sedges and shrubby 
beatbs were about equally abundant. This area of open marsh was about 
250 feet long by ]5ft feet wide. The water level was about 1.5 inches below 
the surface of the higher parts of the mat of vegetation, and a foot or less 
in the lower ones. Sphagnum covered the surface and was the cause 



Google 



DAVIS ON PEAT. 241 

of its elevation above the water level, and with it, the following plants 
were found : Cassandra, Andromeda, Pale Laurel, all rather small and 
low, the Andromeda more common here than in other zones, the Small 
Cranberry, Pitcher Plant, the Few-seeded, Mud, and Few-flowered 
Sedges and Cotton-grass. Shoreward of this area waa a zone of Black 
Spruce and Tamarack, the former dominant, with the following asso- 
ciates : Sphagnum, Labrador Tea, Cassandra, Pale Laurel, Andromeda, 
and on elevations of the surface, with Labrador Tea, the Canada 
Blueberry. The herbs here noted were Magellan's Sedge, the Sheathed 
and Yirginia Cotton-grasses, and Pitcher Plant. This zone gives place 
in turn, to one in which the Spruce is wanting, except very young plants, 
and the Tamaracks are very large. With these were young Bed Maples, 
White Pines and Yellow Birches, and besides moat of the shrubs and 
herbs of the other zones, Creeping Snowberry, Three-leaved Solomon's 
Seal, Three-seeded Sedge and Cinnamon Fern were found, the last, the 
most abundant herbaceous species and forming a striking zone by itself 
on the shoreward edge of the old Tamarack association. Between the 
Fern zone and the high ground was a slight depression, without standing 
water, a marginal fosse or ditch, in which grew the Blue Flag, Wild 
Calla, Three-seeded Sedge, and Sphagnum. 

In the open part of the bog the water was about a foot below the 
surface of the growing Sphagnum, and at 11/2 feet, shmb remains were 
few and the amount of Sedge and Cat-tail debris increased to a depth 
of 2 feet, when the peat became very watery, and was too liquid to 
gather samples from, to a depth of more than 10 feet. 

In the SpEuce zone, the water level was about 1 foot below the surface 
of the moss, and the turf was composed of shrub and mosa debris to a 
short distance below the water level where the material changed ab- 
ruptly to Sedge and Cat-tail rootstocka and leaves. Below this the peat 
remained fibrons, light colored, and very watery to a depth of more 
than 10 feet. The water level was nearly 2 feet from the surface in the 
old Tamarack zone and the surface was much dryer, especially around 
the bases of trees, and it was on these elevations that Labrador Tea 
and Canada Blueberry were growing most luxuriantly. 

The outlet of this bog was a small, badly-clogged brook flowing 
through a peaty valley, and it seemed quite probable that, as the peat 
had accumulated in the valley, it had slowly checked the outflow from 
the basin and thus raised the level of the water in the basin and this 
in turn had tended to raise the surface of the bog by encouraging the 
growth of the peat-forming sedges and other plants. It was apparent 
from the study of sections that the Sphagnum had only recently, 
compared with the total age of the bog. established itself upon the 
surface of the deposit which had been covered by sedges and Cat-tail. 

Lahe Hear Wmoiia Mine: On section 33 of the same township was a 
small lake surrounded by steep banks covered by a Birch and Maple for- 
est, except near the foot of the slopes where Hemlock, Balsam and Yel- 
low Birch were the important trees. The lake is about twice as long 
as wide, and at the north end has a small bog, which was rather hastily 
studied. In the water along the margin of the bog were patches of Yel- 
low Pond Lily and a Fondweed and in other places, the Submerged Bur- 
reed, a species of Arrow-head and the Greater Bladderwort were noted. 
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The chief plants along the water margin were Cassandra and Andro- 
meda, which were generally advancing the turf by the growth of partly 
anbmerged branches reaching over and into the water. The plant whi<A 
here was most closely following the shrobs was the Blue Flag, a very 
nnuBual marginal plant in the region which had been traversed up to 
this time, in fact it was rather rare in the bogs at all, except occasion- 
ally along the shoreward margin. Here, however, it made an abnndant 
growth among the shrabs on the edge of the turf nearer the water than 
any other plant except the Small Cranberry, which was occasionally 
fonnd growing over the water upon the shrubs. 

Immediately shoreward of the Blue Flag zone was Sphagnum, 
which, however, waa unequally distributed, being present In some places 
and absent in others, over most of the surface of this part of the bog. 
In the places where it waa present, it often built the surface a foot or 
more above the water levet, and growing with it were the Small and 
Large Cranberries, Scheuchzeria, Pitcher Plant, Mnd and Pew-flowered 
Sedges, the Slender Cotton-grass and Dnlichinni, The Pale Laurel. 
Marsh Cinquefoii, Cassandra, Andromeda, and Buckbean were present 
in the open places where the Sphagnum was wanting, and, where water 
was covering the surface, or very near it, the Horned Bladderwort and 
White Beaked-rush were often abundant. 

An interesting object of study was aitorded here by the plants which 
had established themselves upon a dead tree which had fallen into the 
water, extending from the shore, across a narrow marshy sedge-border, 
out about 30 feet before the end was covered by the water. Andromeda 
was farthest from the shore and the nearest plant to water level, 
which was from 4 to 6 inches below the part of the log upon which it 
was growing. Sphagnum and Cassandra were nearer shore, and a fine 
specimen of the Pitcher Plant was next shoreward, and quite close to 
the shore, where the top of the log was a foot above the surface of 
the water were a young Yellow Birch and three thrifty specimens of 
young White Pine, at least 10 yeni"s old. 

Back shoreward from the open Shrub Sphagnum association was a 
Conifer zone, the Black Spruce-Tamarack association, here not well 
developed, except as to shrubs, which were the same as those mentioned 
above. Shoreward of this, was a broad marginal ditch, with water a 
foot deep, and in this. Slender Sedge was growing abundantly, while 
between it and the Conifer zone was a good growth of Blue-Joint 
Grass and Alder, making a narrow and incomplete zone. On the 
sides of the lake where the bog was narrow or wanting, were the same 
shrubs as on the bog. but frequently also. i>atclies of Slender and 
Prickly Sedges and the Ci-eeping Spike-rush, growing in the shallow 
water. In the water in places, the pocniiar little Pipe-wort was grow- 
ing, but not in sufficient quantitv to make it a factor in the filling of the 
lake. 

As will be seen hv comparing these bogs with others described, they 
present no marked i>eculia!'ities, the chief ones l)eing the presence of 
the Cinnamon Fern in tiic first, and of the Blue Flag in the zone of ad- 
vancing plants, in the second, but these are minor matters and appar- 
ently insignificant. The Bine Flag is a water seeking species, and waa 
pi-psent, where found, quite probably as the result of disturbance of the 
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normal conditions by man, vfaicli gave it a chance to establish itself 
where it now is. 

North of HoDghton, in a somewhat extensive bog near the entrance to 
the Portage Lake ship canal and on its western side, was a mai^inal 
zone of Sweet Oale, standing in the shallow water. This bog was, in 
places, somewhat open, with areas of sedge, but in general, was covered 
by the Conifer-Shmb association. 

Bear Lake: Another small boggy development of peat north of Hough- 
ton, was examined at Bear Lake, a sand dune lake, at the north end of 
section 23, T. 56 N., B. 34 W. This was the farthest north that any study 
was made, and is of interest on that account. The lake was shallow, with 
evidences of considerable fluctuation in the water level and around 
much of the margin there was little organic matter, except a thin coat- 
ing of algal residue mixed with the fragments of sheila, and of the 
larger plants of the lake and its shores. On such shores the vegetation 
was scant and of ordinary shore plants such as Rushes, Small Bpike- 
rush, Willows and Sedges. Above this strand-flora however, was a 
fairly constant zone of White Cedar, Sweet Gale, and Cassandra, a foot 
or more above the water level, which was probably high at the time 
the lake was visited, because of a very heavy rainfall a day or two be- 
fore. In a slight embayment on the east side of'the lake, was a small 
<|uaking-bog which was covered by the Slender Sedge and Sweet Gale 
on the shoreward side, the latter forming a dense fringe against the 
Alder zone on the shore. With the Sweet Oale was some Cassandra, 
Sweet Flag, Marsh Cinquefotl, and a little Sphagnum. Lakeward of the 
Sedge area was a zone of low plants, mostly a small slender species of 
Spike-rush, which covered the ground over much of the zone, but had as- 
■sociated with it the Horned Bladderwort, Dulichium, the Bulb-bearing 
Water Hemlock, Cat-tail, Yellow Pond Lily, growing in the marsh, 
scattered plants of Lake Bulrush, and along the edge of the water, a 
slender form of the Broad-leaved Arrow-head. The bottom of the lake 
was 6 feet below the surface of this bog. Growing in the water at some 
distance from the shore, were the Yellow Pond Lily, and in places, the 
Lake Bulrush. In this bog it was difficult to determine whether the 
plants DOW on the surface were actually building a mat out from the 
shore or whether the present structure was built by other plants which 
had been killed out and their places taken by the present association, 
but the structure was very weak, as if formed from very frail plants, 
and it was possibly the result of the growth of the rootstocks of the 
Spike-rush. As has been noted, the Slender Sedge was shoreward of this 
part of the bog and Sphagnum, the little which was present, was still 
nearer the shore, so that here, as elsewhere, it was playing no part in 
the formation of the peat, except in a very superficial way. after the sur- 
face of the deposit had been raised above the water level by the growth 
of other plants. 

Buried Peat on the Shore of Lake Superior: In connection with the 
work at this point, it nmy be of interest to mention the occurrence of a 
stratum of peaty material which is exposed in the face of a recently cut 
bluif on the shore of Lake Superior about a half mile from Bear Lake. 
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A Btorm, a few days before, had cut into the base of the bluff and 
about 8 feet above the water level, on top of a masB of reddish tilU 
was a layer of black, fine-grained, peaty material nearly a foot thick. 
Above this, was a stratum of gravel 2 feet thick and then wind-blowa 
sand to the top of the bluff. 



Fia. 15. Seclian ol bluff, shore of Lake Superior 2 mites east of Portage Canal, showing buried peat- 



Iteildish 



The peat was probably formed in a sballow bar-formed poDd, which 
later was invaded by storm waves which covered it with the gravel 
which DOW overlies it; subsequent changes heaped up the sand over this 
and lowered the level of the water, or raised the shore, and only recently 
has the lake begun to cut into the deposit again. But for the gravel 
stratum it would be a probable assumption that the peat was formed 
in a shallow depression betu'een dunes, and covered with wind-blown 
sand, but the gravel above the peat was too coarse to be blown about. 
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Lakes Near Marquette. 



At Marquette two typea of growing bogs were studied, those about 
small lakes and those which were developed between sand dunes, along 
the shore of Lake Superior. But two lakes were studied here, the first 
in the N. E. 14 of section 10, T. 48 N., E. 25 W., and the second on the 
line between sections 3 and 4 of the same township. In the first, there 
was a considerable marshy area on the west side, and the uauat peat- 
forming plants more or less well distributed all around. The chief mar- 
ginal plant around the greater part of the water was. Sweet Gale, which 
also grew in crevices of the rock outcrop at one point on the lake up to a 
height of 4 feet above the water. In a selected area, it was found that 
the Yellow Pond Lily was growing in the water, and shoreward a zone 
of Slender Sedge, then one of Dulichium and above this was a zone 
of shrubs, 8weet Gale and Caeaandra near the water level, and Common 
Alder and Mountain Holly above it. This gave each of the usual zones 
found in many lakes a representation, but in this one, the zonal arrange- 
ment was not uniform about the entire pond, nor about much of it, the 
shrub zone being the one most generally present, as noted above. Some 
interesting relations were noted here among which were the following: 
The mature part of the bog had a Conifer-Shrub society, mainly Tamarack 
and Common Alder; Cassandra and Sphagnum were not found in the 
parts of the Tamarack-Alder association examined, although Cassandra 
remains were abundant, suggesting the possibility that the plants had 
been killed by the shade of the Alders, since the species is sometimes 
present under pure Tamarack growth. In the same amount of shade 
where the Cassandra was waning, the Labrador Tea, Low Blueberry, 
Winte^:reen and Creeping Snowberry were abundant. 

The shrubs of the marginal zone, which included Cassandra, Sweet 
Qale, .Mountain Holly, Andromeda, and Labrador Tea, all grew up on the 
banks of the lake, above the peat of the margin, to sand, and flourished in 
it, and with them grew Meadow-sweet and Jack and Norway Pines. 
The Labrador Tea and Cassandra, in the dryer parts of this zone, were 
associated with the Common Brake, the Low Blueberries, Trailing Ar- 
butus, Wintergreen, Prairie Willow and Jack Pine. 

Cassandra was also found growing in crevices in the rocks here, 
3 or 4 feet above the water, with Cranberry, Huckleberry, Low and Can- 
ada Blueberries, Bearberry, Three-toothed Cinquefoil and the Sweet 
Gale. These dry-ground plants, higher up on the rocks, were dominant, 
but were about equal in numbers with the others, where the two types 
come together and the overlapping area formed a well marked tension 
zone. 

The second lake was quite different in its state of development, hav- 
ing a sedge marsh all around the margin, varying in width in different 
parts, however. In the rather shallow water was a considerable amount 
of Yellow Pond Lily, shoreward of which was a zone of Lake Bulrush, 
then one of the Slender Sedge, with occasional areas of Dulichium and 
of Sweet Gate bushed, among which Iteed-grass was of frequent occur- 
rence; the shoreward border of the Sweet (Sale here also having the tall 
stems of the Beed-grass frequently showing as an associate. This zone 
is bordered by a good growth of Jack Pine, which covers the high 
ground in this locality. ^-, . 
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From these descriptiODB it ts evident that the lakes about Marquette 
are again not especially different from those of other parts of the region 
studied, and that the same plants that bare been pointed oat as being 
active in the formation of peat, and in filling and covering lakes, are 
active here, and no others were especially important or significant in the 
processes. 



Lakes and Bogs Betiveen Newberry and Grand MaraU. 

The region about, and especially to the north of Newberry, was next 
visited, in company with Mr. Frank Leverett of the U. 8. Geolt^ical 
Survey, in order to study conditions in a region of extensive peat deposits. 

The Great Swximp: The great swampy area between Eckerman and 
Xewberry deserved special attention and a much more extensive study 
than could be given it, bnt from what was seen, it seems probable that 
the swamp is formed in a very flat, poorly drained, sandy plain, with a 
great namber of low sand ridges which may have been either wave or 
wind formed, and which farther check the outflow of the water and hold 
all the rain which falls upon them. The peat beds seem very generally 
shallow, a foot or t«'o deep, although much deeper in places, and it is 
evident that draining, followed by drying out, would reduce the thick- 
ness to a few inches. 

The greater part of this area, except where beavers built dams and 
flooded considerable areas, was probably originally covered by mature 
swamp plant societies, with Cedar, Spruce and Tamarack as the dom- 
inant elements, before fires and lumbering produced the many changes 
which are apparent. At present, however, the places which have 
been burned over show bog and swamp societies in various stages of re- 
juvenation and it is possible to get some idea about the way in which 
plants have built up peat here. The sedges, grasses, Cat-tails, Sphag- 
num and shrubs all seem to play about the same part here as they do 
around the borders of lakes, and one sees a sedge marsh with a zone of 
shrubs around its border, and Sphagnum beneath the shrubs, or in an- 
other place, a broad, fiat area covered with Blue-Joint Grass or Cattail, 
according as the surface is high or low above the water level, and in 
uncleared or unburned areas, or those less recently burned, extensive 
stretches of Cassandra or Cedar, Spruce and Tamarack swamps. 
Reading past history in the light of present developments makes it 
seem probable that these extensive and often shallow deposits of peat 
were largely formed by sedges and grasses, growing in wet or flooded 
soil, until the deposit grew nearly to or above the wafer level and then 
the shrubby plants and coniferous trees gradually covei-ed the ground. 

KwioH JmJcch: In the i-egion north of Xewberry, several small lakes 
were visited, of which two or three will serve as examples. The first 
was a small kettle hole lake on section 33. T. 47 N., R. 10 ff., in the 
morninal region, wiiieh whs here covered by nearly unbroken hardwood 
forest. The oi>en water had a considerable number of plants of the 
Yellow Pond Lily and the Water fihJeld forming an interrupted zone. 
Shoreward, around the margin, was a zone of Andromeda and Cas- 
Nundra pushing out by uieanu of their long branches into and over the 
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water, in the manner described in detail elsewhere with Fig. 13. A Bhort 
distance back from the ei^ of the water, Sphagnum and the Pitcher 
Plant and some other herbe were present, and with them were noted the 
Labrador Tea, Pale Laurel and other shrubH, and near the shore a dense 
growth of Sprnce and Tamarack. This heath and conifer asaociation 
was not studied in detail, but no important variation from nsoal associ- 
ations were eeen. except, it may be of interest here, to note the occur- 
rence on the shoreward margin, of the Choke-berry and White-rod, which 
had not been found in this relation before, except in a few cases, 
where the Choke-berry occurred alone in a similar habitat. The Heath 
zone was practically unbroken around the entire border of the pond, 
but it was usually not more than a rod or two wide. 

McLeod'a hake, 10 miles north of Newberry. This was also in the 
Riorainal region, so that it may be compared with the other. It was 
a larger body of water than the first and on the north side had a narrow 
sedge marsh. On the east side little if any sedge was visible, while in 
some places on the west side there were patches of Cassandra growing 
■out on the margin of the open water. In a few places on the north side, 
flhoreward of the sedges, were areas of Cat-tail, and some were noted 
also upon the western shore, where were also seen stools of Blue 
Flag, Hedge and Bur-reed, In the water was a quantity of a small 
Pondweed, the species of which was not determined. The most re- 
markable thing about this lake was the presence in the water to within a 
few inches of the surface, of a finely divided ooze, which was so soft that 
it could be easily penetrated by sticks to a depth of several feet, and 
which seemed to be of the same nature as the algal deposit already de- 
scribed. Here, however, the owner reported that there was a 
deep deposit of marl below the ooze, which latter was so soft In the 
deeper parts »)f the lake, that fisb readily swam through it. But a very 
small part of this basin had been filled by the higher plants, and the 
Bteep high banks come down abruptly to the edge of the water in 
most places, with no peat terrace, and very little beach. The surround- 
ing hills were covered with hardwood timber except where this had been 
cleared oSE. 

Stuart's Lakv: The most extensive bog seen about a lake in 
this region, was at Stuart's Lake a few miles northwest of the Half- 
Way House and Mcleod's Lake. This was a larger basin and lake than 
either of the others described, and had been extensively filled at the 
eastern and southern sides. On the south side was a dense hardwood 
forest, but on the east and north sides, were steep banks which had 
formerly been covered with a good growth of Pine, now represented by 
stumps and scattering gi-oves of trees of small White and Norway 
Pines. Plants of the VTellow Pond Lily and a Pondweed were abundant 
in the water not far from the edge of the bog on the eastern side and 
formed a thinly covered zone on a part of the north side as well. The ad- 
vancing plant on the margin of the water was Cassandra, and the same 
shrub was exceedingly abundant in tlie hog as well. The Cassandra marsh, 
as one proceeded shoreward across it, first had Sphagnum and a mix- 
ture of other herbs and shrubs, then scattered, small and stunted Spruces 
and Tamaracks, and over quite a large area at the eastward end, larger, 
but still stunted White Cedar, Spruce and Tamarack, forming an open 
:8parse growth. Below, covering the ground, was a dense ^owth of 
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Sphagnum often built up in hummockB 2^4 to 3 feet above the water 
level. In the depreaaione between these was an abundance of Virginia, 
Cotton-grasa, and Wool-grass, with the Sheathed and Slender Cotton- 
grasses scarcely less common. On tlie taller hummocks, the Hair-cap 
Moss was commonly the plant making the top strattun, while the Lab- 
rador Tea, Cassandra, Pale Laurel, Choke-berry, Mountain Holly and 
Cranberry, with the Three-leaved Solomon's Seal, Magellan's and Three- 
seeded Sedges^ the King and Cinnamon Ferns, and Pitcher Plant were 
here associated with the conifers, the shrubs growing chiefly on the 
hummocks. 

On the north side was a steep, sandy bank rising about 30 to 60 feet 
above the lake, and povered by a series of groves of Norway Pine, with, 
dry-ground shrubs and herbs. At the foot of this slope was a narrow 
terrace of peat, from less than 10 to more than 20 feet wide, bordered 
by a well marked ridge of the same material on the lakeward side, 
formed by ice-shove during the winter. This ridge was 2 or 3 feet high, 
and, with the bog behind it, was covered by Sphagnum, Andromeda,. 
Cassandra, Huckleberry, Winterberry, White-rod, Labrador Tea, Can- 
ada Blueberry, Mountain Holly, and Choke-berry forming a dense 
growth. The Choke-berry, Andromeda, Cassandra and Winterberry 
grew down over the lakeward side of this ridge aud into and over the 
water to a depth of two feet. The iwat here was a shallow, superficial 
coating, and in places was wanting entirely, where the sand plants 
came down to the water, which seemed higher than normal. 

iMkea at Deer Park Life Saving Station: The largest of these is be- 
tween 30 and 40 feet above Lake Superior and has sandy bottom and 
shores. In the water were White and Yellow Fond Lilies, two or more 
species of Pondweed, the Slender Naias, Bur-reed and a slender form of 
Arrowhead. The principal plants along the margin were Sweet Gale, and 
the Common Alder. In no place around this lake did there appear to be 
any filling by peat, nor in another smaller one lying a short distance to 
the west. This is in marked contrast to conditions in various lakes and 
swamps between Deer Park and Grand Marais, whei-e, in the borders 
of some of them, were found interestinft mixtures of the high ground 
and bog societies. In one sedge marsh (in which the Slender Sedge was 
dominant) with a Cassandra border, the Cassandra' ran up on the 
■ bank to a height of 4 feet above the water level, into the zone of Jack 
Pine and grew with the Blueberries and Dwarf Sand Chen-y. The Cas- 
sandra did not appear in the marsh at all, except on logs which had fal- 
len into it, and thus furnished elevated spots on which the shrubs 
established themselves, clearly indicating their preference for dryer 
conditions than the marsh furnished. 

Lakes Beticccii Grand Marais and yewherrij: In crossing the country 
from Grand Marais to Xewberry, a number of sinall, as well as large 
lakes, were visited and briefly examined. One of the larger lakes was 
Island Lake; this had a sandy shore where it was not covered with 
plants, in places 10 to 20 feet high, but generally it was surrounded by 
a peat terrace from 10 to 50 feet wide, or, in places expanding into a 
broad marsh. In coves and indentations in the margin, there were colo- 
nies of Yellow Pond Lily, but no marked zone of this plant was seen. The 
marginal zone was of sedge, apparently the Slender Sedge, which had 
a strong admixture of Cassandra and Andromeda. In the border, be- 
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tween the sedge and shrub zoaes, Sphagnum was present and was 
abundant in the shoreward shmb zone which was here made up largely 
of Cassandra, Andromeda and Pale Lanrel, with "islands" of White 
Pine, Black Sprnce, and Tamarack. Near the shore there was an 
abundance of Creeping Snowberry, and Withe-rod. The herbaceous 
plants noticeable in the shrub zone, were the Few-seeded Sedge, Virginia 
Cotton-grass, and Pitcher Piant. Where the shores were high tbe Cas- 
sandra was often growing in from 1 to 2 feet of water. The water level 
seemed recently to have risen here, but the marginal plants were in no 
"way suffering from the excess of water when the lake was visited and 
apparently even if the elevation of the water were permanent there 
woald be little change in the relations of the plant zones, except that 
sedges might establish themselves a little more qnickly among the 
shrubs of the present marginal zone, than they would be able to on the 
bare shore. 

A small lake east of Island Lake had a peculiar appearance because 
of the shallowness of the water and very numerous email islands of 
plants scattered over the surface. The formation of these islands was 
^ue to a sedge, probably one of the turf forming species but this could 
not be positively determined, as the islands were inaccessible. On the 
sedge foundation were growing Andromeda, Cassandra, Pitcher Plant, 
and the TirginiA Cotton-grass. Other plants were present but could 
"not be identified with certainty. The marginal plant along the shores 
of this lake was Dulichinm, growing upon the bottom in shallow water. 
'Shoreward of this was a zone of Slender Sedge, one of Cassandra, which 
"in turn gave place to a clearing society in places where White and 
"Norway Pine formerly grew, or to Balsam, Hemlock and various hard- 
wood tree species, where tbe soil was moist and loamy, and there had 
been no fires. It was difBcult to understand how the small tracts of 
plants called "islands" above, could establish themselves in this lake, at 
the present stage of water, and it seemed almost certain that they had 
not done so, but had started in some period of low water, and had been 
able to hold on during the rise of the water. Such islands must serve as 
nuclei of dispersal for the plants growing upon them, and from them 
there can be little doubt that the oozy bottom of the lake will be covered 
much more rapidly than from the margin alone unless there should 
be an elevation of the water sufficient to submerge them and their 
plant societies entirely for a long time. 

From the foregoing evidence it seems apparent that conditions in the 
swamps and lakes of the region -between the railroad and Lake Superior 
in the great swamp district of the Northern Peninsula are practically 
identical with those in the other parts visited, and that the same 
plants as noted elsewhere and in practically the same relations are 
engaged in building up peat deposits. 

More than anywhere else, perhaps, is the importance of water in the 
process of peat formation impressed upon one, for here, even in very 
sandy land, if the water level is usually at, or near, the surface, or 
slightly above it, a shallow layer of peat is formed, even when almost 
no humus at all is formed upon slight sand ridges a foot or two above 
the water in and around the depressions, as is very frequently the case. 
Specially in the extensive swamp area mentioned above. 

Trout Lake Bogs: While none of the lakes about Trout Lake June- 



260 MICHIGAN SUHTDIT, 1906. 

tioD were stadied, the exteaeive bogB lying along the railroad, northwest 
of the Junction, were visited. These lie in depressions between nearly 
parallel ridges of wind-blown sand, which are built up on a gentle 
slope and each ridge acts as a sort of dam to hold the water back from 
running off down the slope. The peat in these depressions was shal- 
lew, said by section'men on the railroad to rarely exceed 4 feet in depth, 
and usually to be about one foot, and, as sand was commonly exposed 
in tiie bottoms of the railroad ditches, this statement was probably cor- 
rect Many of the bogs were in the climax condition, and aoch were 
characterized by a ratber dense growth of Black Spruce, as the dom- 
inant species, growing to a height of about 40 feet, and having a maxi- 
mum diameter of 12 inches, but usually of from 6 to 8 inches. The beet 
trees grew on the sides of the low sand ridges, about 3 feet above the 
water level in the bog. Above the spruces on the ridges, Norway Pine was 
the dominant species, while the Jack Pine was mixed with both the spe- 
cies, and in places formed dense pure stands in the bogs, entirely replac- 
ing other species of trees in such places. Under the spruces on the send 
ridges, as well as on the peat, was an undergrowth of Labrador Tea, 
waist high, and with it Withe-rod, Cassandra. Choke-berry, Mountain 
Holly, Mountain Ash, Canada, Low Black and Low-bush Blueberries, 
and the Common Brake. Below these, were Hair-cap Moss, Trailing 
Arbutus, Wintergreen, Goldthread, Bunchberry. Creeping Snowberry, 
Clintonia and Wild Li ly-of-t he-Valley, with some Sphagnum in the hol- 
lows. In the lower parts of the swamps, Sphagnum is more abundant 
and covers the ground. In one place where a test was made, in such 
an association, there were only 2-4 inches of organic matter or humus 
above the underlying sand. In some parts of this area the Labrador 
Tea was found growing up the sides of the ridges, to a height of about 
6 feet above the water level, associated with the Common Brake and 
the Blueberries, and it was very thrifty in such places, reaching a height 
of about 3 feet. It was generally above all the other bog plants, often 
forming a zone above the Cassandra and Pale Laurel on the ridges, and 
was not noted at all in the moister parts of the bogs, except on sand 
knolln; the Pale Laurel was found growing on the ridges higher np 
than Cassandra, although in some places the latter species was found 
on the railroad embankments as high as five feet above the water in 
the ditches. 

In a series of bogs, about 4 miles from Trout T-aUe, the bog surface 
was higher on the east side of each successive ridge than on the west 
side, the general slope being to the west. In some of these bogs, the 
surface had been burned over or cleared, and in such, Cassandra often 
formed the dominant plant, but in others the Cattail occupied the 
ground, or grew with the shrubs between the stools. Sphagnum was 
sometimes prcseut, and various Sedges and the Cotton grasses were 
more or less common. Not infrequently, where there had been no dis- 
turbance of relations by man, the depressions were covered by a Spruce- 
Tamarack or Pure Spruce association. The tops of the ridges between 
bogs wei-e covered with White and Norway Pines, with Spruces grow- 
ing half way tip the sides. 

For some distance, in a district somewhat nearer to Trout lake 
than that just described, the Jack Pine was the most frequent tree in 
the bogs, growing with the same shrubs which are commonly associated 
with Spruce and Tamarack in similar situations. The trees were grow- 
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ing rapidly and were id deDser Btande thas Tamarack of Bprnce uBually 
develop in anch situations and were from 6 to 9 inches in diameter. It 
seemed probable that this species had established itself Id the bogs 
after Bome severe Are dnring a dry time, and had afterwards beeo able 
to maintaiD itself in competitioo with the slower growing swamp trees, 
after the water level rose agaio; 

The Formation of Peat Near the Shares of Lake Superior. 

But a siDgle opportunity presented itself to study marshes near the 
riiores of Lake Superior; at Marqnette a series of observations were 
nade on some marshes formed in shallow depressions formed by catting 
off a portion of Lake Superior by sand bars in the vicinity of Presque 
Isle Park, and in the hollows betweeD saad duDes in other places. 

At the end of the electric railway to the park, Dear the ore docks, 
was quite an extensive wet sedge marsh, formed by the growth of the 
Slender Sedge. Upon tiie marsh, growing with" the Sedge in a foot 
of water, were scattering plants of Andromeda^ Myrtle-leaved Willow, 
Marsh Cinqnefoil, Bnckbean, Bulb-bearing Water Hemlock, and low 
growing plants of Sweet Gale. In the ditches, by the sides of the road, 
were the Yellow Pond Lily, a small Pondweed, a moss, probably Hyp- 
num, and Greater Bladderwort, and extending out from the cut turf od 
the sides. Creeping and Mud Sedges, Myrtle-leaved Willow, Wild Calla, 
and Marsh Cinquefoil, the latter extending out 6 feet from the shore, 
and nearly half way across the ditch. The Mud and Creeping Sedges 
also made good growth in the water, and about their roots and stems 
were collected masses of algae and Bladderwort. Among the plants of 
the Pondweed, which were growing in a shallow place, the Slender 
Sedge had grown out 3 or 4 feet in one place, but was rooted in the 
substratum. Shoreward of the marsh was a border of Cassandra and 
Andromeda, which grew up on the sand in company with Norway and 
Jack Pine, Huckleberry, and Low Blueberries and other dry ground 
species, and in one case Cassandra was building sand dunes, sending 
out roots as the sand was piled about it by the winds, just as it does 
into Sphagnum which grows up around it. It was evident in this place, 
that there was no difference in the plants, or in the order of their ap- 
pearance in the bog or of their relations to each other or the water 
level from what would have been found in any shallow baain and that 
the formation of peat was going on here just as it wonld have gone on 
in a shallow pond inland. 

In a broad marsh back of sand dunes, a half miles or more west of 
this station, the filling had gone a step farther and the heaths were 
more abundant and trees had established themselves, a group of Tam- 
aracks being noted on one side of the marsh. The Cassandra formed 
a well-marked zone in places on the shoreward side; the former shore 
was definitely shown by a zone of Common Alders, between the bog 
society on one side, and the dune plants on the other. In places, the 
Labrador Tea, which grew within the Alder zone, was found growing 
up the landward side of the dunes, and associated with Huckleberry. 
Wintergreen, Trailing Arhutus, Bunchberry, Twin-flower and Bear- 
b«ry, the latter a very common plant upon the most exposed part of 
the dunes. 
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Formation of Peat in Sand Dune Areas Near Lake Superior at 
Marquette. 

Along the driveway south of the park, near Picnic Rocks, a study 
WEB made of a series of shallow depressions between successive dune 
ridges, and while but a short time could be given to this locality, a 
probable succession of plants aod conditions for these hollows was 
worked out. Immediately behind the most recent dune line was a wet, 
open swale with water standing in it in places. This swale was, as is 
usual in such localities, long and narrow, and the water was probably 
not over 2 feet in depth. In the water were growing the Slender Sedge, 
Andromeda and the Marsh Cinquefoil, and upon the shores, a well- 
developed marginal zone of Cassandra, and shoreward of this, a zone of 
Common Alder, Poplars and Tamarack, running into the dryer ground 
association of White Birch and the three species of Pines. Shoreward 
of a second broad ridge of sand was another depression, in which were 
pools of shallow water interrupted by slight elevations of moist sand, 
or sometimes of humus. Around the depressions Cassandra was usually 
present, and with it were some two or tiiree species of Sedge, and often 
near the margin of the water or growing in the margin, the Blue Flag 
and Nerved Manna-graaa. Here, also, were found the Myrtle-leaved 
Willow, the Mud Sedge, DuHchium, Meadow-sweet, Wool-grass and 
Marsh Cinquefoil. Shoreward of the Cassandra, in the shade of the 
Tamarack and Black Spruce, were the Labrador Tea and Common 
Alder, the latter characterizing this zone. A third hollow, landward 
of the third dune line, was deeper and broader than the others, and was 
surrounded by the Slender Sedge, shoreward of which are Heaths and 
Conifers. Higher and older swales were visited. and in some of these 
were small, mature bog societies, including, in some places, Sphagnum. 
It was apparent here, that the Sedges and some of the Grasses were 
the first plants to establish themselves about the water in these swales, 
and that certain of the bog heaths, notably Cassandra, was almost as 
soon on the ground. 

That these shallow depressions are not all overgrown and filled up, 
is most probably due to the facts that they are so shallow and of such 
limited area that, in periods of drought, the water entirely disappears 
from them and leaves only the dry sand for the plants to grow in, and 
in wet periods they fill with water and drown out the plants which may 
be growing in the bottom. During the prolonged dry times the humus 
which may accumulate in wet periods is partly or wholly dried op, so 
that it often disappears entirely. It is then only in a prolonged wet 
cycle that the peat can accumulate suBBciently to insure filling such 
depressions. 

Buried Peat Near Marquette. 

On the outer dune, which had been cut into by a severe storm a 
few days before, an interesting section was obtained. The top of the 
dune was from 10 to 15 feet above the present gravel beach, and its 
foot was perhaps 20 feet from the water when it was quiet. The storm 
waves had cut under the base of the dune, the sand had split oflE and 
had left a vertical fare. At the base of the section was a stratum 6 to 
8 inches thick, of reddifih brown sand that is, sand stained and cemented 
by bog iron ; immediately above this a stratum, a foot in thickness, of 
peat, or humus, filled with the unchanged roots of shrubs and of Nor- 
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way Pine and in the section was the partly decayed trunk of a Tine 
with its roots in this soil layer. Above the peat Btratum was sand for 
about 2 feet, then a layer of Norway Pine needles well preserved, and 
within a few inches above this, a layer of black iron sand, from i/. to 1 
inch thick. From this to the surface there were irregular strata of 
sand, mixed with roots of trees, grasses and the leaves of pines. (Pig. 
16.) 
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From this Bection it Teas evident tliat formerly the shore of the bay ex- 
teoded some distance farther out than at present, when the peat bed was 
being formed and that after it had reached its present thickness and trees 
were growing npon it, the existing dune line was established, probably 
as the result of cutting back the sliore through a previously established 
dune line behind which the peat bed had been formed. The building 
of the dune killed the tree, and before the wood could decay it reached 
its present height, only to he cut into by storms during the present high 
stage of water in the lake. The presence of plant remains of various 
kinds in the sand shows that the dune was built up gradually, but that 
the first few feet were heaped up rapidly since in them there were no 
vegetable remains noticed. The bog iron below the peat bed was formed 
by the leaching action of the water from the soil bed, npon the iron com- 
pounds in the sand, and subsequent decomposition of the soluble organic 
compounds into insoluble inorganic ones. This form of action of water 
from marshes and forests is exceedingly common in the Iforthern Pen- 
insula, where large areas of sandy soil, rich in iron, are underlain by 
a stratum of "hard-pan," or iron-cemented sand, at a depth of a foot or 
a foot and a half below the surface, which prevents rapid percolation 
of water, and enables the soil to support a better type of vegetation 
than sand usually does. This section is also an excellent one to show 
in a small way, how coal and iron beds may be related, and how fos- 
sils may be preserved by other means than by the action of floods, or 
any form of submergence by water. The stratum of black sand may 
be taken as an illustration of the sorting action of wind of nearly uni- 
form velocity. It seems as if the iron sand were blown up with the 
ordinary kinds by heavy winds, then a time came when, for a period, the 
lighter grains were moved along and the heavy iron particles left behind 
and thus concentrated. It is also possible that the iron and sand stratum 
may represent a severe storm wave action, but this is not probable, 
unless the present dune line had grown up at the top of a beach when 
the water of the lake was notably higher than it is at present, for 
ordinary storm waves, working at the foot of a dune line, cut the sand 
away and do not deposit. 

Formation of Peat on the Shore of Lake Michigan Near Manistigtie. 

A study similar to that made at Marquette, was made near Manistique, 
under more favorable conditions, for at this station there were larger 
areas for observation, much less disturbed by fire and clearing than 
were the tracts near Marquette. The area between the town and the 
shore of Lake Michigan, on the west side of the river, is covered by 
ridges of wind-blown sand from 2 to 15 feet high above the general 
level, and from 50 to BOO feet broad, alternating with long narrow de- 
pressions, many of which have bogs or standing water in them. The 
series is approximately parallel and follows the trend of the shore of 
the lake. The dunes on this shore were much higher and more massive 
than those at Marquette, because of the more exposed position and 
their proximity to the mouth of a large stream, carrying abundant sedi- 
ments. The dune line nearest the lake is a high, massive ridge, back 
from the water a distance of several hundred feet, and partly covered 
by dune grasses and shrubs and with scattered white pines and a few 
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other trees. In the depression behind, or shoreward of this, was found 
a series of shallow ponds, long and narrow, as at Marquette, but wider 
and deeper. 

Around the open water of these were little, narrow marshes, in which 
were Rowing the following plants: Served Manna-grass, Wool-grass,- 
several species of Sedges, Blue Flag, several Rushes, Small Bur-reed, 
and in one plaee Dulithium was established. Of shrubs, the Common 
Alder, Meadow-sweet and Sweet Gale grew nearly to the water's edge 
and the dry ground spetries from the older, shoreward dunes, extended 
down to within about 2 feet of the water level; these were the Hair- 
cap Moss, Huckleberry, the Low Blueberries, Choke-berry and the three 
species of Pine. It will be observed that the water-loving plants noted 
above are, almost without exception, those which might be found in any 
wet place and that most characteristic bog and peat forming plants 
are absent. No filling of organic matter was observed in any part of 
the line of pools behind this most recent dune line. 

Passing over the second dune line, on which the sand was fixed by 
a covering of the dry ground plants mentioned above, and by the Penn- 
sylvania Sedge and the Bunch Grasses, a second series of pools of 
water was found in the depression between this and the next ridge 
shoreward. 

These water holes had evidently been dry for a part of the year, 
but around them the Nerved Manna-grass and Wool-grass were the 
dominant plants and, in some of the hollows, the ground was covered 
down to within about 18 inches above the water level of that date, with 
a dense growth of Hair-cap Moss, which formed a well-marked line at 
the lower limits of its growth. Below this, and extending down into 
the water, was a zone of Sphagnum, the plants just covering the ground, 
in which were growing Blue Flag, Nerved Manna-grass, two or three 
species of Rushes, the Ijince-leaved White Violet, and Bog Club-mosa. 
None of these plants are known to be important as humus or peat 
formers except Sphagnum; io connection with the latter plant, it is in- 
teresting to note that it maintains on this slope the same relation to the 
water level and the Hair-cap Moss, that it assumes in bogs, where the two 
types grow together, i. e., it was below the latter species and near the 
water. Its presence in the water here may be accounted for by the rise 
in water, due to heavy fall rains. 

The society of plants described above, was apparently a temporary 
or pioneer society, since most of the species are frequent on the freshly 
exposed banks of those lakes in which the water is receding and may 
appear in any moist place. The presence of Sphagnum, on the other 
hand, was probably significant, and threugh its development, the ground 
would probably be kept in condition for the germination of seeds of 
the plants of the bog societies. Several of the smaller pools in this 
aeries had the zone of Hair-cap Moss, with Sphagnum either just start- 
ing at the edge of the water, or covering the space between the water 
and the lower margin of that zone. Around one of the pools, the mar- 
ginal plant was chiefly Wool-grass; at another the Hair-cap Moss zone 
was found to have Lance-leaved White Violet, Trailing Arbutus, Bog 
CIub-moBB, and a species of Panicum, and in a depression, Sphagnum 2 
inches high. Below this zone were various Grasses and Sedges, and at 
the water's edge a zone of low Sphagnum, in which the Mud Sedge was 
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growing, on tbe raat^a of the pool, with several HpecieH of Bushes. In 
the water were tbe Northern Water Star-wort, covering most of the 
hottonj, and at one end a considerable colony of the small variety of 
the Creeping ^pike-rush, growing with the common Bushes; besides 
these a few plants of Tall Cotton-grass, stools of Wool-graBs, and what 
seemed to be the Floating Manna-grass, made up the list of species in 
the shallow water. The Sphagnum made a 7-one around the pood, but 
did not grow in the water. In this pool were Sedges capable of starting 
the fliling, by building up peat, but they were so recently established 
that nothing had as yet been accomplished by them. 

A much larger pool in this series and immediately adjacent to tbe 
one last described, separated from it only by a slight sand ridge a few 
feet wide, was in a very different stage of advancement in the develop- 
ment of its plant societies; Dulichium, two or more species of Sedges, 
the Tall Cotton-grass and Blue Flag, were growing in the water near 
the margin, while a small Poodweed grew in some abundance tu tbe 
deeper places, and patches of an agnatic moss could be seen hei-e and 
there over parts of the open water. Several Sedge islands of small size, 
upon which were growing Cussandra and Sphagnum and an area of 
Cassandra extending out 30 feet from the shore where the water was 
about a foot in depth, reduced the size of the pond and gave prophecy 
of its ultimate fate. The plants growing on the water's margin were 
tbe Bine Flag. Xerved Manna-grass, Common Alder, Winterberry, 
White-rod and, much nioi-e abnndtint than all of the others. Cassandra, 
which not only grew at the margin of the water, but in it, and above it 
2% feet »ip the bank to above the upper border of the Hair-cap Moss 
zone. With the Cassandra weiv JSphaguuni, Pale Laiu-el and Labrador 
Tea. 

This i(Ool presented the nearest approach to the bog tyi>e of any in 
the series and was in such a stage of adi'ancement that the end of the 
story of its complete filling could easily be seen; the causes of the 
differences seemed to be the larger size and greater depth of the basin, 
which enabled the water to i>ersist in it during dry periods, and also, 
probably, to prevent fires from running over it and destroying such 
I>eat as was accumnlated duriug favorable times. 

The small pool next in the same line had the following conditions: 
The water was shallower and less in extent than in the other; growing 
in it were some Bushes, two species of Sedges and the Kerved Manna- 
grass, The aquatic Moss noted above was jiresent in small quantities 
here, and there were a few Sedge islands on which the Large Cran- 
lierry was growing. There was an iucom))lete zone of Sphagnum at 
and slightly above the water's edge, and also areas of I>arge Cranberry, 
growing up on the hanks to a height of 2 feet above the water level, 
('assandra and other heaths formed a higher zone, and only came down 
to the water in a few places. The Labrador Tea was found here only 
about '.t feet above the level of the water in the pond. The stage of 
development here is evidently lietween that of the larger pond, with 
its complete shrub zone, and the smaller one, in which none of the heaths 
are yet present, even as islands. 

Crossing over a third dnne ridge and descending to tbe line of pools, 
hut a single study was made. This was upon a long, deep hole, 125 
or 150 feet long by 30 or 4ft feet wide, in which the water was dark 
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colored, and apparently much deeper than in any of those previously 
examined, esiiecialy ut one end, where the pool was scarcely 10 feet 
wide. The hroader part of this pond was surrounded by a zone of 
the shrubs, Bweet Gale and Cassandra gi-owing in the water and up 
to the hank and with them were the Large Cranben-y, and the Mud and 
other Sedges as associates, Sphagnum was not noted here, although 
it may have been present in places, as conditions were favorable for 
its growth. The marginal slirub zone was thoroughly established and 
in places Cassandra was reaching ont from the shore for a distance of 
3 or more feet and, with the Sedges, formed a narrow marsh. Here, as 
elsewhei-e in the series, it was apparent that fluctuations of the water 
level, especially lowering it in dry seasons, had retarded peat develop- 
ment, but if the present conditions of moisture persisted, it seemed 
probable that the plants would establish themselves so thoroughly that 
no drought of ordinary dnrntion would affect them. 

Farther back from the shore, the hollows between dunes which were 
wet enough, were filled with shallow bogs, chiefly of the Cassandra and 
Conifer type, with' abundant Sphagnum and most, if not all, of the 
shrubs and herbs of mature bog societies. The Conifers were chiefly 
small Tamaraclcs and Black Spruces, hut not rarely the Jack Pine, 
and less often Xorway and White Pines, were also present in these 
places. Three examples of these more matui-e bog societies may help to 
keei» the series more clearly in mind; the first of these may be called 
a transition type from the early to the latest stage of development. 
The water of the depression had entirely disapiK-ared before the en- 
croachments of the plants which had built up the surface of the Ik^ so 
that it was generally about a foot above the level of the water, except 
upon the elevations around stumps, where it was more, and in places 
where the Sphagnum had not yet established itself, where it was less. 
As indicated. Sphagnum was pi-esent. but had not yet fully covered 
the surface of the bog, and the characterizing plants were Heaths and 
the Few-seeded Sedge, The shrubs forming the association were Cas- 
sandm and Andromeda, dominant, but both i-ather small, the Myrtle- 
leaved Willow, in depressions, the Pale Laurel, on the higher hum- 
mocks, the Dwarf Birch and Small Cranberry; on the borders of the 
bog and on higher places within its margin, in a sort of zone, were 
Cboke-l>erry, Labrador Tea. Withe-rod. HucklelierrT, and <'onimon 
Brake. The herbaceous plants generally distribuled over the whole sur- 
face of the bog were the Few-seeded Sedge, so plentiful that it gave a 
decided tone to the whole association, since, in places where Sphagnum 
was not yet established, it formed dense patches, and persisted also in 
the moss-covered areas in less quantities; the Mud Sedge, with the 
other, and with Sphagnum as well, Scheuchzeria, in wet parts of the 
Sedge associations, and Marsli Cinquefoil, commonly as an important 
menilwr of the same assoriation. Ytmng Black Spruces and Tamaracks 
were frequent among the sliruhs in (Iryei- i)laces. 

In the vicinity of this bog was a small pond, which was still oiM>n. and 
around it was a narrow marsh, chiefly covered by the Few -seeded Sedge, 
but with small areas of the Slender Sedge and Puiichlnm. along the 
water's edge. Tliis Sedge marsh was bordered, on the shoi-eward side, 
by a shrub zone, in which Cassandra was a conspicuous plant. 

The climax, or mature stage in the process of Itlling the sand dune 
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basins here, waB well illustrated l>,Vi a bog. one of the niaoy Biinilar 
areas, which was covered by the followin); plant association. The sur- 
face was covered by a deep growth of Sphagnmn, which was quite uni- 
form in thiclfoess, although the water level was about a foot nearer 
the surface at the center of the deprcHsiou than near the margin. The 
trees were chiefly rather stunted Black Spruces, with a few White 
Birches and Tamaracks, The dominant shrubs were Labrador Tea and 
Pale Laurel, which completely overshadowed the Cassandra, which, 
though present, was small in size and quantity. The Low Blueberries, 
Choke-berry, Mountain Holly, Witlie-rod, Small Cranberry, Wintergreen 
and Trailing Arbutus were commonly associated with these shrubs, 
especially on the shoreward borders of the bog, where most of the 
species were making their best growth. The Sphagnum in this part of 
the bog had reached the limits of its upward growth above the present 
water level and was being invaded by Hair-cap Moss and Reindeer 
Lichen from the surrounding sand dunes. The Thi-ee-seeded Sedge was 
growing plentifully in the Sphagnum in the nioister places, while the 
Common Brake was creeping into the margin of the bog from the dry 
soil at the sides. Where the water level was highest, ia the middle of 
the bog, Labrador Tea was much smaller and less thrifty than in other 
places, either because of the excess of water, or because of its more 
recent introduction into this part. 

In these three localities among the older dune lines, it would seem 
that the second one represents a stage of filling farther advanced than 
any of those found in the more recently formed depressiouB, and the 
first one of the series a much farther advanced one, where the Sedges 
have about completed their work, and Sphagnum is beginning its work 
of building up the surface, in the third, the record seems to show that 
the Sphagnum is about through, and that the bog will soon have a 
plant association upon it which will have most of the plants of a Qxed 
dune association, but with a certain admixture of such bog plants as 
can endure the changed conditions. If. by settling or burning, the 
surface is lowered, or Ijecanse of increased rainfall, the water level 
is raised, the changes may stop, or the cycle begin again at some one 
of its stages, as was shown in the first of the series of three just de- 
scribed, where the stumi>3 of trees are now overgrown by Sphagnum 
and shrubs. 

It was evident, fi-oni the conditions existing in this dune area, that 
the development of peat can hardly be said to begin, until some of the 
same plants have established themselves which have been found to be 
forming it on the borders of lakes and other places where water 
is abundant; after this, the order of development is the same as that 
about the lakes and in other depi-essions ; the same species, in about 
the same relative numbers, maintain themselves through the cycle of 
development, to such a stage that upbuilding of the i)eat is about equal 
to the rise of the water level, or the lowering of the surface, through 
compacting by settling, drying out, or other causes, when a plant asso- 
ciation develops which is i-elativcly permanent and this, because of the 
ability to peri)etuate ilsolf in favorable times and persist in unfavorable 
periods, is a climax society and is well i-epresented by the one last 
described. 

The chief difficulty which lies in the way of the rapid development 
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of peat deposits in tbe sand duue basins, in that the depi-eHsions are 
often very small in size and shallow, wliidi makes them easily dried 
out, not only through evaporation, but also because the underlying sand 
permits rapid lowering of tlie \vat<>r level tlirougli percolation and 
therefore they are likely to greatly vary, from season to season, in the 
amount of water which they hold, and this, in turn, makes it diffi<^ult for 
the bog plants to get established, or' to persist after they are established. 
This probably accounts for the fact that, while even the most recently 
formed of the basins described, must be many years old, even many 
hundreds, judging by its distance above and from the shore of the lake 
and the size and massiveness of the dune which has been built up on 
its lakeward side, there is yet little of the bottom covered by organic 
matter, and very few significant plants about its margin. 

As dune basins, here and elsewhore, are commonly filled with water, 
even while the sides and bottom are relatively coarse sand and the older 
basins are usually at a successively higher level from those later formed, 
a few words regarding the sources and maintenance of the water level 
may not be out of place here, especially since the formation of peat is 
dependent largely upon these factors. 

The water of the pools must all come from the rainfall, since there 
are no streams running into the basins among and in the dunes, but 
it is the rain falling upon the porous sand of the dunes themselves as 
well as in the area of the depression, which fills, or partly fills, the 
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depression with water. This rarely, if ever, runs down the surface of 
the dunes, as it would in more compact soils, but is absorbed as fast 
as it falls and finds its way to the ground water level, and then laterally 
to the part of the depression where the water level is above the surface ; 
that is, the pond. In Fig. 17 the relation of the water level in a series 
of dunes upon a sloping surface, is shown diagrammatically, as well as 
how the ground water itself prevents the water from the ponds run- 
ning from one to the other through the sand. Actual study of the sands 
in dunes, shows that even in dry times the sand is moist at a distance 
of a few inches from the surface, and is saturated near the bottom at a 
varying height above the water table outside the dune. Around the de- 
pressions examined at Manistique, was a well marked zone, extending 
usually about 2 feet vertically above the water in the pools, where the 
soil was moist, or wet, and the water level only a very short distance 
below the surface. This zone was occupied by Sphagnum, in several 
of the more recently formed basins, and in the older ones was the area 
in which the i)eat forming sedges first established themselves. . The 
cause of greater moistness in this zone is close proximity of the water 
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table to the surface here as it rises in a rather flat carve from the 
Biirface of the pond, to the piace where the water table is highest; 
namely, under the crest of the dune; for the water table in ridg^ fol- 
lows the contours rather closely, especially where the soil is as homo- 
geneous as is wind-blown sand, except that it takes a much flatter 
shape, the crest constantly tending to become still lower unless the 
rainfall is abundant and frequent. 

The statement made regarding tlie correspondence of conditions ia 
bogs near the shores of I..ake Superior, at Marquette, with those in 
lake basins, holds good for those just described, but the series at 
Manistiquc was so much more conipJete that all of the steps in the 
process of filling these dune basins were more easily and satisfactorily 
worked out. From the evidence gathered in these places, it seems cer- . 
tain that no different plants are engaged in this work among the dune 
basins, than are doing similar work in other depressions, whether these 
are large or small, except that, because of the shallowness of the de- 
pressions in the duny tracts, the aquatic plants are likely to play 
small if any part, since the shallow water, semi-aquatic types, are able 
to begin their part of the work at once. In places where the sand dune 
lake basins are larger, the aquatic plants are often present in great 
abundance, even in very shallow water, but no such lakes were found in 
the two districts described. 

Peat Bogs of the Huron Mountains. 

In August, 1006, an opportunity presented itself, in connection with 
other work, to visit the Archean highland, which lies in .Marquette 
county, to the northwest of the city of Marquette, known to the early 
writers on the geology of the i-egion as the Huron Mountains. 

This area, which covers practically the whole of the region lying 
north of the main line of the Duluth, South Shore and Atlantic R. K., 
west of Ishpeniing, as far west as the line south from the Copper Coun- 
try, except a narrow border along Lake Superior, is largely made up of 
rock liills and roi'k-wallod valleys, many of the latter occupied by 
swamps, or by small lakes. The rock is chiefly granite, with frequent 
dikes, by the weathering and erosion of the least resistant of which 
some of the principal canyon-like valleys seem to have been formed. 

The general elevation of the central portion of this i-egion ia very 
considerable, the tops of some of the hills reaching an altitude of at 
least 1.0,')0 feet above the sea, and it is probable, in a few cases, tbey 
may rise to 2,000 feet, thus i-eaching l,">T>i) to 1,400 feet above Lake 
Sujwripr, 15 or 20 miles to the north. As a general thing, however, 
the hills are only 150 or 200 feet above the valleys, hence the general 
level is i-elatively high and the district is a platean, or high pone-plain, 
rather than mountainous. 

This considerable general elevation, together with the high latitude, 
gives to the region a distinctly niorc boreal climate than exists in other 
parts of the >'orfhern I'entnsula. ali-eady descrilx'd in previous pages, 
snow accumulating to a depth of 7 feet during some winters and re- 
maining on the ground from late October or early November till May, 
while even in August the night temperatui'es are invariably low and 
frosts are not uncommon in the valleys. As in other parts of the 
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Northern Penineula, there is fl considerable pi-ecipitation in the form 
of dew and fog during the nights, so that even in rainless periods the 
vegetation, especially in the valle.i-s, appai-ently never suffers severely 
from drought. 

The boreal climatic conditions are dearly reflected in the vegetation, 
and in no part of this so evidently as in the plant associations of the 
bogs and of the rock outcrops. The most conspicuous and fretiuent 
forest type over much of the region is, as elsewhere in the Northern 
Peninsula, the broad-leaved or hardwood type, with coniferous tree 
species in groups, or as isolated individuals, or in pure stands of con- 
siderable extent, in favorable places, scattered through the dominant 
type. The broad-leaved trees, however, over much of the area, were 
not of good size and made rather a light open stand, as if under un- 
favorable site conditions, which could not be wholly attributed to mois- 
ture and soil peculiarities, but were apparently, in part at least, pro- 
duced by unfavorable temperature. The species of hardwood types 
which were most frequent were the Hard MapJe, Yellow and Ulack 
Birches, White Kim, Red Maple. White Birch, Basawood, Hop Horn- 
beam, and Red Oak, about in the order named, the Hard Maple and 
Yellow Birch much exceeding the other species in point of numbers, 
however. 

In this region, for the first time in the Northern Peninsula, the 
Black Spruce was found as a common constituent of the Jack Pine for- 
est on the sand barrens, and this species also occurred ratJier frequently 
as the dominant member of the plant societies growing on ex|)Osed rocky 
hills. In such places, the species reached a better development than 
in the swamps, gi-owing into a tail, slender, cylindrical spire, uU or 60 
feet in height, the crown only li or S feet in diameter and the trunk at- 
taining a diameter of li or 8 inches, or. niri'ly. even a foot. This slender 
columnar form of crown is unusual in the forests of the eastern part 
of the county, and is only approached by old Balsams; the tyiH* is well 
shown in some of the trees in Plate XXVIII B. 

In the sand plain areas this tree and the more vigorous White Spruce, 
grow less tall and are, thei-efore, less conspicuous, especially as they 
are here associated with the .Jack Pine growing into a similar (all, nar- 
rowly conical crown, which, taken with its short leaves and persistent 
pendulous branches makes it resemble the Spruces and probably ac- 
counts for its common name in this region, where it is called Spruce 
Pine. 

The lower lying parts of the gi-anite uplift, those which lie below 
1,800 feet above sea level, have considerable deiiosits of ghu^ial till 
which lie chiefly on the north and east sides of the ranges of hills, the 
tops and south and west sides of which are bare, often precipitous, 
cliffs, so that in looking over the country from an elevation a very dif- 
ferent impression of Its character is obtained, if one looks toward the 
north, from that i-eceived by looking south. If, for example, one looks 
at the . north-facing sides or the hills, in the vicinitv of the Huron 
Mountain Club, T. 51 N.. R. liS W.. the foi-est clad sioiH-s are covered by 
notably fine growths of hardwood tiinlM>r. here strongly mixed with 
Hemlock. Near the tops of the slopes, in many cases, the hardwood 
growth suddenly gives place (o White Pine, and "when the <'ause of this 
change is sought, it is found that the Pines are growing in places , 
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where the rock is at, or very near the surface. Climbiug some one of 
the inountaioB back from the shore of I^ike Superior in this same 
neighborhood and looking northward, or viewing tlie sonth-facing slopes 
from one of the takes which lie nestling among these hilts, and a ver,T 
different scene presents itself. These hillsides, instead of being rather 
gentle, long and densely tree-clothed, are steep, often precipitous, bare 
i-ook with a sparse covering of AVhite and J.'orwa,v Pines, so that it 
could easily be imagined that one was in an entirely different region 
from the first. The same general conditions prevail in going intand 
from the Lake Superior shores, except that the Hemlock is a less fre- 
quent constituent in the hardwood forest after a few miles, and the 
amount of i-oek exposure increases in the more elevated parts of the 
highland, where, formerly, nearly all the hills Iiad White Pine covering 
their tops, and in the most elevated parts of the plateau, their rocky 
sides as well. It may be noted, in passing, that the same differenceB in 
character of the north and south sides of the hills may be seen in the 
vicinity of Marquette, near Eagte Mills. 

Tffpcs of Simmpa atid Bogs. 

As in other poitions of the Northern Peninsula, the valleys of the 
plateau region are covered by swamps or occupied by lakes and bogs, 
and here also quite extensive swamps occur on portions of the sand 
plains which tie between tlie great morainal deposits banked around the 
higher portions of the plateau. 

These swamps of the sand plains are often densely covered with a 
growth of White Cedar mixed with Tamarack and Black Spruce, or in 
places by nearly pure stands of Spruce and Tamarack, the former so 
dense that tittle tower vegetation occurs with the tatter species except 
in openings, where various shrubs and herbs find conditions favorable 
for growth. 

In such a swamp, on Sec. 7, T. 50 N., R. 29 W., the following species 
were noted: Black Spruce, quite dense. Tamarack and Balsam Fir oc- 
casional. In more open spots among tlie trees, the Canada and I>ow 
Blueberries, F-abrador Tea, Red Maple. White Birch and a few young 
White Pines. Sphagnum was found, but only iu spots, and there thin 
and making poor growth, Cassandra occurred around the borders of 
wet openings in the swamp. Tlie peat in this swamp was reddish brown 
and poorly decomposed, and was not tested as to depth. 

Similar swamps were found along tlie courses of the glacial drain- 
age valleys which cross portions of the highland, but they presenteil no 
special featureN, except that sometimes a swamp flora was found grow- 
ing on exceedingly stony areas and even upon coarse gravels, upon 
which very little peat had collected, although the ground was quite 
full of water. The plants noted in such places were the usual swamp 
trees and shrubs. Some of the more accessible areas of swamps in a 
glacial drainage valley were seen along the Pestiekeme river, near its 
source, along the grade of the Huron Bay R. R. 

A number of lakes were visited in the divide region in T. 49 X., R. 2!» 
and 30 W. These were usually found to have high gravelly or rocky 
banks, with very little swamp or bog about their margins, except in 
limited areas and in narrow strips. Generally these takes are quite 
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deep, Willi verv little visible arinalic veftetnti^Q in tlieiii- and the water 
nns rattier dark colored, HotiK-timeB exceptionally ho. 

In Butldo)! I^ake, and anotliei- small lake ponnecled with it, the bot- 
tom was quite soft, very near tlie eorface in many places, and was 
made Tip for a depth of Beveinl feet of an oozy, very soft peat, wliich, 
in color and structure, closely resembled the algal peat dosei-ibed 
if it waK iiut identical with it. Thcee lakes lie in a lon^, narrow 
valley with generally steep rock walls, at the outlet end of whicU was 
a niorainal dam. Apparently at one time there had t>een but a single 
long lake, but gradually the middle portion of the valley had become 
filled until only a narrow water way, or sluggish stream now eonnects 
the end portions, and even this connection has been artiflcially increased 
in width and depth through the encroaching swamp. The part of this 
swamp lying along the stream was rather open, with Tamaracks as the 
chief tree species, under which was a dense growth of shrubs, chiefly 
Sweet Gale, Cassandra, Common Alder and Bwamp Wild Kose. The 
Slender Kedge, Wild Calla, JIarsh Cinquefoil. Pitcher Plant and other 
common swamp and bog species were also noted in this area associated 
with the shrubs along the stream. At the south end of a sumll lake, 
in T. 50 N., R. 30 W., was a narrow but quite long bog in which White 
Cedar, Black Spruce and Tamarack formed the Irw association, while 
I^brador Tea. Cassandra. Andromeda and Sweet Gale grew in dense 
Sphagnum below. This bog was covering what was formerly a portion 
of the lake but was apparently making very slow advances over the 
surface, as the marginal fringe of shrubs was compactly bound tog<>ther 
by mosses and other plants and was not making the growth out into 
the water noted in other similar localities at lower altitudes. On the 
whole the lakes visited in this region were notable for the small amount 
of bog about them and for the absence of visible water plants, while the 
microscopic algse were apparently very abundant. 

An important agency in the formation of swamps in this region were 
those industrious little animals, the beaver, which, in this unst>ttled 
area, have become again (juite numerous since protected by the game 
laws. Their dams were frequently seen and the very considerable ai'eas 
flooded by them made travel across the stream and swampy valleys di(H- 
cult; in these ponds where the dam was of recent construction, as 
many of them were, the dead and dying trees and shrubs could Ik; seen 
standing forlornly in the shallow water. 

Not only were these present ponds noted, but the filled ones or beaver 
meadows were not uncommon, often of considerable extent- and in 
various stages of advaucement toward the mature tree covered swamp. 
In these it was usually easy to discover the long, low dam at the down 
stream end of the tract, often covei-ed by shrulw. while the i-est of the 
meadow was still clothed with grasses or sedges. In one such beaver 
mendow. in Sec. 2, T. 40 N.. I(. ;{() W'-., around the margin, was a zone 
of Black Spnice and Tamarack, evidently of old growth. Bordering 
this on the streaniward side was a well-marked zone of Blue-Joint grass, 
growing '.i feet high in places, and this gave place to a broad Shrub- 
Sphagnum zone, in which there wen* a few young specimens of Tam- 
arack and Black Spruce. The dominant shrub in this area was the 
Sweet Gale, with which was associated Cassandra, occasional plants of 
Andromeda, some species of .Vnielanchier. or June-lierry, a form of the 
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Tall Blackberry, aod more Duni«rous specimens of Canada and Low 
Blnebfrries. and the t^matl Cranberry, 

The following herbaceous apecies were noted in this zone: Pitcher 
Plant. Few-Seeded and Lonj; Sedges. Marsh St, John's-wort, Canada St. 
John's-wort, Alpine and Virginia Cotton Grass, White Beaked Bush. 
Closed Gentian, Bugle-weed and Sphagnum, which covered the ground 
throngbout this zone, and the next. Towards the center of the meadow 
the shrubs were first lower, then practically wanting, giving place to 
an Herb-Sphagnum association, with the Long Sedge and the White- 
Beaked Rush the most frequent Bpecies, but growing with them were 
Smooth Golden Rod, larger Blue Flag, Blue Joint Grass, Pitcher Plant, 
Round Leaved Sundew, Rough Hair-giass, and Small Cranberr.v. 

In the outer border of this zone there were numerous young Tam- 
aracks and shrubs; the latter in the form of small young plants, were 
also abundant in the Herb-Hphagnum areas, which apparently bad been 
heavily seeded with Sweet Gale. Cassandra and Andromeda not long 
before. 

The dam behind which this meadow had Ijeeu formed wan marked 
by a well-defined ridge, 2 feet above the bog level, on which was grow- 
ing dense, very vigorous Sweet Gale, nearly 4 feet in height. 

The associntiouH found here were evidently not characteristically dif- 
ferent from those found in oi>eu bogs in other places, and on compari- 
son, it will l>e seen that the reclamation of a beaver pond iuro bog. 
iiiai'sh and swamp gops on as* does the filling of any body of water, in a 
definite and oi-derly manner. 

The most interesting observations made in this i-^ion of granite 
hills wei-e tliose made upon peat-covered rock outcrops on the hills and 
upon a Hmall rook island, the top of which was at least 30 feet above 
the level of tlie water of the lake in which it was situated. 

The nunil)er of observations upon this type was not large, hut enough 
of these elevated p«>at deposits were aeen to show that the climbing type 
of bog, not seen elsewhere in the studies upon which this paper wei-e 
based, does exist in thew" cooler, more elevated portions of the North- 
ern Peninsula. es|)ecially in the valleys, where alniost nightly, during 
the growing season, fogs occur. 

The nioNt intei-estiug of these ()eculiar liogs was a high, steep, isolated 
rock hill standing alone in tlie valley of the Peshekenie river, in T. 
3ft \.. R. Itl W., close to the stream, upon the sides and tops of which 
was a good growth of Black Spruce. Tamarack and White Cedar and 
Borne White Pine. Balsam-fir. White Birch and Mountain AbU. under 
which wei-e the shrubs Cassandra. Labrador Tea, Sweet Gale, ('nnada 
Bluel)erry and a few others. ]u spots, on the sides of the rock, could 
be seen Sphagnum, evidently thrifty and making a good gi-owth, but 
the larger part of the surface, whei-e it was not too steej) for any I'Cgeta- 
tion to maintain itself, was covei-ed by a heavy growth of Rein4eer 
Lichen, both iu the open and under the trees and shrubs. The top of 
this roik hill was at least 511 feet above the water of the river, which 
bathed its eastern flanks. The iM^aty covering ef the rock was thin, 
fibrous, and with very liltle moisture present. 

A small island (I'lJite XXVllI A and B>. was the second of these ele- 
vatetl |)eat deiKisits examined and was more carefully studied than that 
mentioned !ilH)ve. The rock on which this deposit was formed was amall. 
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possibly three acres, or a little more in area, had a rounded and some- 
what glaciated surface, and rose about 30 feet above the surface of the 
lake. 

The peaty covering was usually thin, a foot or less in thickness, but, 
in places, was said to be at least 8 feet deep. It was made up of coarse- 
textured, spongy, partly decomposed, brown peat, whicb contained the ■ 
remains of tree trunks not thoroughly rotted, and quantities of the 
partly decayed roots and stems of shrubs. In early August, when vis- 
ited, the peat was so dry as to take Are readily and was easily blown 
by the wind from the openings in the gi-ound cover. 

The island had been occupied as a lumber camp some years ago and 
all of the large Pines had been removed from it at that time, as well 
as other timber trees which could be used in the various operations con- 
nected with the lumbering of Pine. Later the island had been stili 
farther cleared and occupied as a siiuimer camp, but, in general, the 
natural plant covering, except the trees, had not been seriously dis- 
turbed, save where paths had beeu laid out and houses built. The re- 
moval of the trees, by Increasing the light, had undoubtedly increased 
the number of individuals of some of the lower growing plants, and de- 
creased that of others, while with the advent of man, a few weeds and 
cultivated grasses had Seen brought in. in packing material and in 
other ways, from the outside world, but it was still possible to deter- 
mine, satisfactorily, the original relations of the plant societies found. 

Including the species growing in shallow water around the island, 
there were four fairly distinct phint societies present corresponding to 
variations in habitat. These were the aquatic, the marsh, the exposed 
rock, or crevice, and the Conifer-Heath society. The latter covered the 
greater portion of the island from a short distance above the water 
level, with the exception of steep and exposed rock faces at various 
points, and was, by far. the most important and characteristic associa- 
tion growing here, all the others being limited in the number of a|tecies 
and of individuals, and in the area which they occupied, in comparison 
with this," 

In the aquatic society of the shallow water, the following species were 
noted, all sparingly represented and by very few individuals: Yellow 
Pond Lily, Floating Manna-gi-ass, Swamp Horsetail. Quillwort, Floating 
Bur-reed and Water Lobelia. (Srowing in the water were other species, 
but these belonged pi-operly with the next society, and are given in the 
following list of species making up the Marsh society at this station. 

Sweet Gale (the plants growing in the water were smaller and of a 
lighter green color than those in the Conifer-Heath society), Cassandra, 
Spike-rush, Creeping Spike-rush. Duliehium, Slender Sedge (in a few 
small areas), I.^Dg Sedge. Wool-grass. Marsh St. .lohn's-wort. Bugle- 
weed, Dwarf and (Canadian St. John's-wort. Small Bedstraw. Yellow 
Water-cress and Sweet White ■\'iolet. This society was only present 
in spots and narrow marginal areas of mineral or vegetable di^bris along 
the small undulations, of the shore of the island, or those parts most pro- 
tected from winds and waves, and, like the first society, was usually 
sparsely represented. 

The rock or crevice society was made up of the following species, to- 
gettier with shrubs belonging pi-operly to the Conifer-Heath society, pres- 
ent as stragglers : I^ow Juniper, a few plants on an open, exposed rock 
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mass. Choke Clierry, Bed Raspberry, ConitnoD Polypody, Sma)) St. 
John'B-wort, American ^^'ood Strawberry, Pale Corydalia, Dc^ Violet, 
Wild Oat-grass, and Wire-grass, Mossea and Liebens. 

The habitat of thix group of plants was chieSy crevices and narrow 
shelves on the more exposed rock faces, but as there was frequently only 
an inch-thick covering of the peaty soil where the Conifer-Heath plants 
were present to tbe exclusion of those of the crevice society, thinness 
of the soil was apparently not the factor controlling the distribution 
of these plants, but from the situation in which they grew, it seemed 
probable that exposure to full light and heat of the sun, sudden and 
violent changes of temperature, and drought were all factors in elimi- 
nating other possible species from the places where these plants grew, 
and the latter factor, probably combined with rain-wash and wind effects, 
had prevented the accumulation of peat where these plants were found. 

The Conifer-Heath society covered the larger part of the island, from 
the Tilarsh society with which it merged in some places, to the very top, 
wherever the rocfe surface was not too steep to permit the peat to 
form. Tbe mature trees were all of coniferous specie, although a few 
specimens of broad-leaved types had recently established themselves in 
the more open places. The trees present or represented by the stumps 
of recently cut individuals, were Black Sprudfe, dominant in point of 
numbers, and tallest of the trees now left. Tamarack, Arbor Vitse, Bal- 
sam, chiefly small. White Pine, represented by some medium-sir^ 
Btnmps, by young individuals and a few larger ones, and Norway Pine 
in places where the soil was very thin and dry. The Spruce, Arbor 
Vitae and Balsam were all thrifty and making as good growth as similar 
aged individuals in the swamps and swamp margins in the same region 
Where the soil was very thin the young trees were somewhat stunted. 

The broad-leaved species of trees noted in young stages were White 
Birch, Red Maple, Wild Red Cherry, American Mountain Ash and Com- 
mon Aspen. Beneath the trees -there had formerly been apparently a 
dense growth of low shrubs, chiefly of the Heath family, and even now, 
the ground was completely covered by these plants, except where clear- 
ing or other artiflcial treatment had broken the cover. There was little 
zonation apparent, but the Blueberries seemed rather more abundant 
near the top of the slopes, and Sweet Gale and Cassandra near the 
water, although even near the foot of the sharper inclines, there were 
strong admixtures of all species. 

The shrubs belonging to this society were the following: Canada. 
Low, and Low Black'Blueberries, Labrador Tea, Cassandra. Creeping 
Snowberry, Trailing Arbutus, Wintergreeu, Fetid Currant, Bristly Sar- 
saparilla. Choke .Cherry, Choke Berry, June Berry, Red-berried Eider, 
Winterberry, Mountain Holly, Common Alder and Sweet Gale. Of these 
the Blueberries, Cassandra, Labrador Tea and Sweet Gale were the 
dominant species, the Cassandra and Sweet Gale occurring abundantly 
to 20 feet above the water, and Labrador Tea to the very top of the 
island. The other species occurred scattered over tbe island, some, like 
the Fetid Currant, Creeping Snowberry and Mountain Holly, which 
are commonly consideretl bog plants were found only on the higher parts 
of this island, while others were apparently accidentally present in iu- 
nignificant places. In examining this list, the probability of the agency 
of birds in transporting seeds of most of these shrubs to the island is 
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evident, 13 out of 18 species here having attractive and edible fraits, 
many of which hirds are known to eat, and upon which several apeciee 
were feeding during the writer's visit to this locality. 

The following lierbaceons species were rather sparsely present, asso- 
ciated with the shrubs: Spinulose Fern, Common Brake, Three-Seeded 
Sedge, Little Prickly Sedge, Hair-grass, Wild Oat-grass, Olintonia, Wild 
Li lyof -the- Valley, Indian Pipe, Wild Strawberry, Purple-leaved Willow- 
herb, Fire-weed, Slender Bush, Pearly Everlasting, Winged Cudweed, 
Sphagnum, Eypnum and other mosses and Beindeer Lichen. The Sphag- 
num was abundant in flat places to a height of 18 or 20 feet above the 
water level, white Hypnnm and the Beindeer Lichen covered the ground 
in the dryer places. A few small areas of otherwise bare rock, on the 
north side of the island, were covered by a mat of Sphagnum and other 
mosses, and lichens, and in these it seems probable that we have an in- 
dication of the way in which the beginnings of the peat covering of the 
island were made, as when once the moss and lichen stratum is estab- 
lished, other plants soon obtain foothold and from that time on, the 
formation of peat may go on continuously where moisture coaditions 
are -favorable. It may be noted here that small areas of some species 
of Sphagnum were seen on exposed rock outcrops in several places in 
this vicinity, usually on northern slopes, but elsewhere in the region 
they were not noted. 

The remaining plants found in this interesting habitat were appar- 
ently recent introdnctions into the native association and included the 
following species : Rough Cinquefoil, Red Clover, White Clovpr, Mouse- 
ear Chickweed, Black Bindweed, Sheep Sorrel, Red Top and June Grass, 
most, if not all, species which have been introduced with hay or packing 
material and only found in the clearings about the houses. 

Id considering the relationship of this type of habitat to others de- 
scribed, it is evident, upon comparison, that it is closely allied by the 
make up of its chief plant association to mature peat bogs of the wet 
type. Yet, in this place, as has already been pointed out, below the 
peat was an outcrop of crystalline rock, with relatively smooth glaciated 
and rounded surface,, sloping on all sides of the water, and with no 
contact between the present water surface and the peat covering. The 
only source of water for this habitat, then, is meteoric water, precipi- 
tated as rain, snow, fog and dew, so that at times it must become very 
dry. In fact, as noted above, the peat, at the time of the writer's visit, 
in early August, was in an approximately air-dry condition; that is, 
with not more than 50 per cent of included moisture ; so that it burned 
readily, and contained a minimum supply of water which was available 
for plants. As no rain fell in this r^ion for some weeks after this, 
the peat must have become still dryer before the leaf fall of the broad- 
leaved species in October. This condition, which must have been con- 
stantly recurring during the time required for the accumulation of the 
three feet of peat found here, made the habitat, so far as the soil was 
concerned, an extremely xerophytic one, which could only be occupied 
by plants which are protected against loss of water by various peculiari- 
ties of structure, which have been pointed out in Part I of this report, 
and which most of the species found growing here possess to a marked 
degree. The chief question which arose in the mind of the writer, was 
how any association of plants could grow where there was so little water 
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available, as 8oroe of the species had, wliere they were growing in rather 
coarse peat, only an inch or two deep, with only the smooth rock be- 
low, when for weeks there had been no rain. 

In cODBideriDg this and the related problem of the accumulatioa of 
peat in such a situation, it is probable that the location of such deposits 
in narrow valleys, having considerable elevation above the sea is sig- 
nificant, both in its relation to peat formation iu such places as have 
been described, and to the plant species forming the coveriug from which 
the deposits are built up. In such valleys, during the day the air is 
warm and becomes well Ailed with moisture from the vegetation and 
soil, but at night the air is always cool, whatever the temperature may 
be during the day, because the cool air from the surrqunding hills flows 
into them as soon as the sun sets, precipitating the moisture as dew 
and fog, and it ie do uncommon thing in the large valleys containiog 
lakes to see a small cloud of fog in the early part of the 
evening at the mouth of each tfibutary valley, white later, 
these small clouds spread and cover the whole valley bottom with 
a blanket of fog. The fog thus formed condenses still more visibly as 
dew upon the cool surfaces of the branches, stems and leaves of the 
plants, and may drop to the ground and be added to the ground water, 
or simply be dissipated in the morning, in which case it still aids the 
plants by saturating the air about them and in this way enabling them 
to conserve the supplies which they oli-eady have by decreasing the loss 
of water from their tissues by transpiration. Tliis form of precipita- 
tion also undoubtedly helps to keep the soil moist in at least two ways 
besides that mentioned, first by preventing evaporation into the air, 
during at least the early part of the day and the whole of the night, and, 
second, by direct absorption by the upper layers of the peat so that the 
water of the lower parts is uot so quickly drawn off by capillarity 
and evaporation as it would be in times of long drought. Another in- 
teresting and probably important factor in the early history of such 
deposits, is the condensation of moisture from the air, directly upon the 
bare snrface of rocks, especially during changes from cool to warm 
weather, where the air is suddenly warmed up before the rocks and 
Boils reach the air temperature. At such times the rocks will become 
quite wet, the moisture forming visible drops, especially in places not 
exposed to the direct rays of the sun, and the vegetation upon them will 
become as green as during a geutle rain, ^uch precipitation favors the 
growth of Lichens and Mosses and other pioneer vegetation and ud- 
doubtedly also iirevents the early layers of vegetable debris formed, from 
becoming so dry that they would be destroyed by disintegration. 

I'recipifation in these forms, together with the generally low tempera- 
tures of the air during the growing season, which prevents excessive 
transpiration from the vegetation, and evaporation from the soil, are 
important if not controlling factors in the development of peat deposits 
like that described, and in the maintenance of plant societies upon them. 
That is, the climatic feature which makes the accumulation of peat on 
elevated rock surfaces in this region a possibility, is the high relative 
humidity of the air which here is greater than in other parts of the 
state with equal rainfall, because the temperature averages lower, since 
here, the elevation above sea level, is greater than in other places of the 
state of the same latitude. That this same factor of the climate should 
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be taken into account in conBidering the agricultural possibilities of the 
soils, in this and adjacent regions, is obvious, becauee in such a moist 
climate the poorer tyiies of soil will produce better crops than the same 
types would in a region of even greater rainfall, where the atmosphere 
was less moist during the summer season. 

The general tendency of all low ground having sluggish drainage to 
become covered by peat and .peat-forming plants throughout the region 
under consideration is attributable in part, at least, to the same cause. 

In this connection, also, it may be well to point out that the close 
correspondence of the plant society of the elevated dry peat bed de- 
scribed above, with that of the older and more mature parts of those 
peat bogs having a wet substratum is of the nature of confirmatory evi- 
dence that these are true xerophytic habitats. 

General Coficlusions Regarding Peat Fortnation in the yorthem 
PeninBula of Michigan. 

From the foregoing descriptions of mature bogs in various types of 
localities, over a very considerable extent of the part of the state cov- 
ered by this paper and of many classes of depressiona in the process of 
being filled by the development of peat, it seems evident tha4, in general, 
the formation of peat goes on there, much as it does in the Southern 
Peninsula, but with some very interesting and important variations as 
to detail, the causes of which are not yet clear. 

Comparison of Southern and }^orthcm. Lakes in- the Process of Filling: 
The normal, and u^al, boggy lake of the Southern Peninsula, which 
is being filled with plant debris, has more definitely marked zones of 
vegetation, and these are more folly developed and have more species 
■of plants below the water level than the corresponding type in the 
Northern Peninsula. The zones of aquatic plants represented, more or 
leas fully, in a large number of lakes and ponds in the Southern Pen- 
insula, are the Cbara zone in deep water, the Pondweed zone, the Pond 
Lily zone, the Bulrush zone, and the Sedge and Cat-tail zone, which is 
the highest aquatic zone. In the Northern Peninsula the Chara zone 
was not seen in a single basin, but no careful examination was made 
to determine its presence or absence. The Pondweeds were as frequently 
absent as present, and when present, were usually, though not invariably, 
sparse-growing and small species, in thiu, or broken, zones, or as scat- 
tered plants. The Pond Lily zone was also usually poorly developed, 
or represented by scattered plants, or wanting, and while this is true 
of many ponds and lakes in the Southern Peninsula, it is not by any 
means so generally true. The Bulrush was also more often than 
not found in the shallow water of the lakes of the region studied 
and a very striking and important aquatic plant zone is thus 
eliminated from the lakes of the region. The sedge zone, then, is the one 
which must be considered as being the most frequently present of the 
aqnatic, or semi-aquatic zones, but as has been pointed out, in examining 
tbe series of bogs from the southern to the northern part of the western 
end of the Northern Peninsula, an interesting and important variant 
from the type of bog which has a zone of sedges, especially the Slender 
Sedge, as the marginal zone, was found in those in which the shrubs, 
'Cassandra, Andromeda, and, more rarely. Sweet Gale, were the species 
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which were growing upon and within, the water's edge, and were the 
plants btiilding out from the shores and covering the open water, and 
apparently filling it as well. Ab the type was much more frequent in 
the northern than in the southern parts of the region traversed, it 
seems a fair inference that in the cooler, more humid climate of the 
north, the shrubs mentioned are able to grow better in the water than 
they can in the south. Since they can endure the conditions in the 
water at the margin of the mat upon which they grow, their long, rigid, 
Btolon-like branches, which seem able to live for some years, if neces- 
sary, without rooting, are much more eflBcient in making advance into 
the open water than the comparatively weak stolons of the sedges, which, 
to hold themselves upright and bring their leaves above the water, must 
have some root attachment or grow very close togetlier in short lengths. 

It is but fair to state here, that Mr. C. C. Adams reports that on Isle 
Royale the bogs which were examined there, all had well-developed 
Hedge zones, and the hypothesis that climatic conditions are the factors 
efficient in producing the marginal shrub zone, may have to be aban- 
doned as untenable, but at present no other is suggested. 

Important Types of Filling: The relative absence of the larger 
and more highly organized seed-bearing aquatic type of vegeta- 
tion from ihe lakes of the Northern Peninsula makes it pos- 
sible for the minuter and simpler kinds to form accumulations of 
considerable size, and as the result of their development, a 
type of peat hitherto unrecognized (in this country at least) must 
be added to those which were known before, namely algal peat, 
formed almost entirely of the remains of one-celled or few-celled plants. 
This type has already been described on page 209 and its interesting 
and important bearing fi-om the geological^ point of view suggested, but 
it may be added that the Algae probably play a more important part 
than has been suspected in the formation of deposits of peat in the 
southern lakes, where the more conspicuous remains of the tissue- 
forming aquatic plants, mask the minute particles of vegetable matter 
into winch the cellular types break down. While algal filling of basins 
of considerable size, must be a very slow process compared with that 
done by the higher plants, even though the work of the latter is confined 
to marginal terraces which arc built up by their growth. If a deposit of 
one twenty-fifth of an inch per year were ai<sumed for the Algip, it would 
take only 3,000 years to build a bed ten feet thick, which geologically, 
and relative to the time occupied in other changes upon the earth, is a 
very brief time, and well within the period since the basins in the drift 
were abandoned by the ice of the continental ice sheet. It nia,v oven be 
probable that the rate of building was slower than that assumed, but 
very much less rates may be postulated and still not be unreasonable, 
and out of accord with conservative estimates of the time which has pas- 
sed since the last glacier disappeared from the region under consider- 
ation. 

In summing up the variations in the manner in which the deeper ba- 
sins are filled with peat in this region, the type in which the Swamp 
Loose-strife is the marginal plant may not be omitted, for while this 
plant was present in but a single lake among those visited, the bnndreds 
M-hich were not visited, may include many with this kind of marginal 
zone. It is not unlikely from the known distribution of the Swamp Loose- 
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strife, that it is rare in the Xorthern Peninsula but it probably eisists in 
mbre than a single locality, and where found is remarliably efQcient 
in producing a strong and enduring mat over the anrface of the water. 

Minor modifications in the types of marginal turf formation, especi- 
ally in those cases where the sedges are present, are of some importance 
in determining the succession of plants after the advance has been made, 
and the consequent upbuilding of the surface so that trees are able to 
establish themselves. 

The imoortaat sedges of the turf building type of the marginal zone 
are {1) the Blender Bedge, (2) the Bottle Sedge, (5) the Tussock Sedge, 
(4) the Creeping Bedge, (5) the Mud Sedge and (6) the Few-seeded 
Sedge. Other grass-like turf-forming plants growing on the marginal 
zone, which occasionally are of importance are Cat-tail, Dulichium and 
some of the Spike-rnshea, but so far as observed, these are infrequent, 
except in limited areas and never were found to cover the entire mar- 
gin of larger poods. 

Of the sedges, the Slender Sedge is the one most elBcient and fre- 
quent as a marginal species, as was the case in the Boutbern Peninsula, 
and the slow building up of the surface of the turf made by this species 
by its own remains and those of other plants, has been made clear, 
especially where it has frequently beeo noted as forming wide zones 
almost free from other species. 

Factors Controlling the Width of the Sedge Mat: The width of the 
sedge mat, manifestly imust depend upon two factors, at least: (1) the 
rate at which it pushes out from the margin and (2) the rate at which 
the surface is built up above the water level so ttiat the species can 
establish themselves and crowd out the Sedge, The fact that the Slender 
Sedge mat is usually wide, shows that the species does build out from 
the shore much faster than the surface is built up. I^te in the history 
of its development, the mat is invaded, along the shoreward margin, 
by shrubs or Sphagnum, or both, after which the elevation of that part 
of the surface is rapid. 

Periodicity of the Groicth of the Mat: As lias been mentioned else- 
where in this paper, there are indications, very generally found, through- 
out the Xorthern Peninsula, that all the plants have periods when they 
advance rapidly from the shore, and other periods when the advance 
is checked and all the species remain where they are established, or 
even, in many cases, disappear, or retreat to the shore again. The most 
generally operative and effective cause capable of producing such results 
would be changes in water level, and the advances from the shore of all 
the species from the marginal tjpes, to the trees, these remaining long- 
est on the shore, seem to be coincident with the periods of lessenwt 
rainfall and low water level. In such periods the Slender Sedge marsh 
may be covered for many yards of its width by shrubs and Bphagnunl, 
while the trees appear in the older parts of the shrub zone at about the 
same time, and the Bedge grows outward over the marginal terrace de- 
veloped by various causes beyond its edge. 

In wet periods, on the other hand, all the zones, except possibly the 
sedge zone, simply thicken up by increasing the numbers of individuals 
io favorable places, and make little, if any progress in other ways; or, 
it the rise in the water is too great, or sudden, may be set back to some 
higher level by being drowned out from the lower ones. Only by such. 
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changes of water level doea it aeem possible to account for some appar- 
ent anomalies in the intermixture of zonal plants which were frequently 
noted in hogs of the Northern Peninsula, where the level of the water, 
when observed, was too high to permit plants growing in it to establiah 
themselves, and some of tlu'ir associates were evidently of recent intro- 
duction and were properly in the habitat where they were found. 

During the longer or shorter times when the zones are not making 
any advance, a thickening of the tnrf may occur, apparently because of 
the increase of weight npon if as the shrub and tree associations tiecame 
more .highly developed. This cavises a slow sinking, while the surface i8 
built up. The sinking apparently only continues until equilibrium is 
established and then ceases: \\'hen a new advance of the series of zones 
takes place, the old portion of the mat is much thicker and firmer 
than the new part and the line of union between the two can usually 
be determined not only because the plants growing in the newer part 
are different, and form a simpler associotion, but also because the newer 
part is less Arm and much more easily shaken, on account of its greater 
thinness. Sometimes the tree growth is confined to the old part of the 
mat and sometimes the shrubs and Sphagnum mark its limits. 

If the Tussock Sedge is the marginal and advancing plant, the habit 
which the plant has, of building its stools up above the water level, 
makes the conditions very different where it occurs, from those where 
the sedges which make a horizontal growth are marginal. The Tussock 
Sedge stools, as soon as they are built up a foot, or less, above the 
water, become the habitat of u number of plants from the Shrub-Sphag- 
num zone, and these soon bind the separate stools together and form a 
compact turf from which the Sedge itself is eliminated, so that the mar- 
ginal zone here is often vei-y narrow, and because of the height of the sur- 
face above the water level, the zone of pure shrubs encroaches upon the 
favorable site to be followed by the trees, almost as soon as the shrubs 
are established upon it, and the Sedge, the founder of the substratum, 
is confined to the narrow zone next the oi>en water. The Botlle Sedge, 
rather a frequent marginal advancing plant, in the Northern Peninsula, 
is taller and larger than any of the other marginal sedges, having 
•coarse thick, leaves and sleuis and it seems (o build up the surface 
rather faster than the other species whei-e it is found; hence marginal 
zones of this plant are narrow in proportion when compared with those 
in which the Slender Sedge is dominant. The Creeping and Mud Sedges 
are slender types and are usually capable of making a turf only in con- 
nection with other sjiecies, but occasionally they form narrow marginal 
zones and reach ont into the water, where other plants follow upon 
them, but so far as observed, these two species never make extensive mar- 
ginal mats themselves. 

The Few-seeded Sedge is so like the Slender Sedge in its vegetative 
characters, that it is ciftcn imjiossible to distinguish one from the other, 
unless in fmit. The Few-seeded Sedge is freiiueut in low places in the 
Sphagnuiu-Shrub zone of bog.i, and in a few cases in the more northern 
bogs visited, bore to that zone, the relation of a nmrginal plant, as if it 
had formed the mat upon which the oilier plants had established them- 
selves. In a few cases also, it was observed in the marginal zone about 
open water, and there may have iKTcn others, where leaves alone were 
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found, where this si>e('ies was confuHed with the Slender Bedge, bo it is 
given place here as a tnrf bearing species. 

The manner in which shrubs farm marginal zones around lakes 
and extend the structure of the bog. has already been described in detail 
elsewhere, page 235, It needs only to be pointed out here, that the 
purely marginal zone of shrubs is very narrow since, because of the 
height to which these plants grow above the water, the rigidity and 
strength of their stems and branches and their perennial habit of 
growth, other shrubs, sedges and other herbs. Sphagnum and even trees 
can occupy the stt-ncture almost as soon as it is established. 

This statement regarding the narrowness of the purely marginal zone, 
applies equally well to that occupied by the Swamp Ijooee-strife, since 
it is also able to build up over the water level and form a substratum 
upon which most other plants of the bog type of habitat may grow. 

It is evident from these considerations, that when most of these mar- 
ginal species have created a habitat for themselves and have grown in 
it for a time, they develop by their growth, conditions which so improve 
the habitat that it becomes available for other species which promptly 
possess themselves of it, and overwhelm the makers, only to continue the 
process of improvement and be dispossessed in turn by other tj-pes. 

This would proceeij in a regular order through a definite series of 
changes to an end type of plant association, which would be able to bold 
the improved site, or habitat, against all comers, if climatic and nil other 
conditions were absolutely uniform, so that there would be no marked 
fluctuations in water level, in evaporation, and in the various other im- 
portant factors, which materially affect the kinds of habitat under dis- 
cussion. But as has been pointed out frequently in previous pages, these 
irregularities do occur, and in consequence of them, the bog may reach 
a certain stage of development and then be set back to a much earlier 
one, or rejuvenated, or it may reach a mature stage, and continue in it 
indefinitely, the dry periods causing the surface accumulations to disin- 
tegrate sufficiently so that succeeding wet ones arc only able to restore 
what was lost by disintegration and compacting. The plant associa- 
tions in this stage of development are made up of permanent species, 
which can endure both wet and dry cycles, and of transient ones, which 
come and go with the changes of environment brought about by alternate 
rise and fall of the ground water level. 

Still farther, a prolonged dry period may bring about a rapid devel- 
opment of the shoreward zones toward the open water, and an apparent 
skipping of the usual order of progress in the plant associations. Lastly, 
in the case of the associatinna of the mature conditions, certain plants 
may so raise the surface of their habitat in wet periods, that in dry ones, 
this becomes very dry, so that only the most drought-resisting species can 
permanently live in such places, and these migrate into the bogs frotn 
the sand plains. On the other hand, however, even these mature associa- 
tions may slowly bring about changes of their habitat, by affecting 
drainage, and by producing excessive shade, so that even in such ad- 
vanced stage, changes may occur. If the drainage is affected so that the 
water level is raised rapidly, rejuvenation will occur and some of the 
early stage societies will more or less quickly establish themselves. 

Where the growth of tall species, such as Cedar or Spruce, is so lux- 
nrlant that the ground is strongly shaded, the lesser species which re- 
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quire moch light, are suppressed, which may also mean that the amount 
of material ft^ded to the surface deposits is reduced until the upbuilding 
no longer goes on. When there is a large development of conifers, the 
shade maj' be so dense that no plants grow below them, and the result is 
a very slow upbuilding, if there is any. Again, if any agency, as wind, 
insects, disease, competition of neighbors, man, changes of water level, 
etc., i-eniove these taller species, either as individuals or groups, the 
increased light usually permits the return of shrubs and herbs for a 
time. 

Impedes Concerned in. Peat Formation: It must also be remembered 
that many species of plants, as nell as zones, are absent from both the 
marginal and aquatic areas of the boggy lakes of the north, which are 
present in the south. In fact, if the foregoing descriptions are inspected 
with this in mind, it will be found that while many species common in 
the southern bogs are wanting in the northern, they are not replaced, to 
•any extent, by more northern plants, but the flora of the northern bogs 
are really poorer in species than in the southern, the types which do 
occur growing in greater numbers, and often more luxuriantly, thua 
fully occupying the ground. 

Sot all of the plants which grow in the southern bogs are southern in 
distribution, however, for a number of species found there in abundance, 
are, in the north, found growing to greater perfection outside the bogs, 
and in some cases at least, seldom or never in them. These plants after 
leaving the bogs are found first on the higher spots and landward mar- 
gins, and then to take two different types of habitat, the one group go- 
ing into the broad-leaved forest, where the conditions are best, while 
the other group seems to move out of the bogs into the dryest and poor- 
eat of sites, the sand barrens. In the first group are found the Yellow 
Birch, the Mountain Maple and others, while in the second, various 
shrubs are the most conspicuous plants, such as the Choke-berry and 
several heaths, some of which, as the Labrador Tea and the Blueberries, 
give indications, before leaving the bog habitat, of their relationship to 
the flora of the dry sandy soils, by always growing in the dryest, highest 
parts of the bogs. The structure of the leaves and other parts of these 
plants, as shown in another section, indicates a fitness to live in a very 
dry habitat. 

On the other hand, if aquatics are excepted, the important, active, 
peat-forming plants arc the same at the north, as in the south; the 
sedges which are the most common and important pioneer plants, are 
all found in the same general relations throughout their range in the 
region covered by this paper; the water-plants, when present, are of the 
same species or closely related ones of the same genera; the shrubs are 
of more importance at the north than at the south in forming i>eat as has 
been shown elsewhere, but tlieir extension of vertical range, and import- 
ance, is not accompanied by any change of si>ecies. except in a few cases, 
in which some of the less important kinds, like Sweet Gale, do. not reach 
the exti-euie southern part of our limits, but their importance, compared 
with other species which are constant, is very small. 

Ritation of Hphagninn to Peat Formation in th<- yorthem Peninsula: 
Sphagnum has i)erhaps been mentioned, more than any other plant, 
in descriptions of bog plant societies in the preceding pages, because it 
has been given such an important place as a peat forming plant by many 

o 
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writers upon the subject. In Btudying the relation of SphagDOm 
to the formation of peat in Northern Michigan, several things were 
kept constant); in mind; the moat Important of these was to determine 
the relation of the plant to water level, where it grew under natural 
and undisturbed conditions, for upon this depended, very largely, its ca- 
{lacity to form deep deposits of peat. Because of the importance of this 
relation, every locality visited was carefully examined to see if Sphag- 
num showed any tendency to grow in water beyond the margin of the 
advancing higher seed-plants, as it has been reported to do, and in no 
single instance was it found beyond the edge of the Sedges or Shruha 
which formed the marginal zone upon open ponds, ^ot only was this 
true, but in extensive Sedge zones, the Sphagnum was rarely found grow- 
ing beyond the shoreward margin of the zone, where the water covered 
the surface of the turf, and where it was thus found. It usually grew 
more luxuriantly above the water level than below.it. In a few instances 
it was growing in the water among Sedges, but in places where it was 
clear that there had been a recent rise of water over the whole series of 
plant zones present. In a few cases the Sphagnum was found growing 
well in the water of ditches cut through peat beds on which the moss 
was present as a member of the surface association, and apparently 
it was at home in the water, where it was seen in such situations, but 
even in these places, other types of plants were more abundant as 
aquatics than this, and the farther north the investigation of this sub- 
ject was carried, the less Sphagnum was in the water, except by the acci- 
deTit of excessive rise of t^e water due to a heavy rainfall, as in the last 
open spot in a marsh near Houghton. Sphagnum was found, on the other 
hand, to appear in the Sedge zone just above the water level and to grow 
up from this level to a height of from 2 to 3 feet, around shrubs and 
other plants. At the top of the highest elevations thus built up above 
the water table of the bogs, another moss, the Hair-cap Moss, or even 
a lichen, the Reindeer Lichen, was usually found, showing that Sphag- 
num had reached its limit of growth in the upward direction. The moss 
was able then to build up a deposit to a height of a little less than 3 
feet above the water and then dry ground types of plants settle down 
on it, and no farther development tt^kes place, unless the water is again 
raised. 

In the extreme southern part of the Northern Peninsula, about Me- 
nominee, there was little Sphagnum seen, even in the mature types of 
bogs, but farther north it was very generally present as a member of 
the shrub societies; and where the shrubs were pushing out over the 
water, the moss was among the first plants to follow along after them, 
but it was very rarely seen growing in the water among the branches 
of the shrubs, and never beyond them ; usually it was found appearing 
first at a distance of from a yard to a rod, or more, back from the 
water's edge, on the turf formed by other plants. Sphagnum in this 
region is entirely a superficial plant, appearing rather late in the his- 
tory of the development of the bt^, and rarely adds 3 feet of material 
to the surface. In many cases, the entire deposit of moss remains, to- 
gether with the living plants, was less than a foot deep, in what seemed 
to be very old bogs, especially in the north, so that it is evident that 
the importance of the Sphagnum type of moss as peat formers in the 
region visited was relatively small. As in the case of other types of 
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plants and even more quickly, because of ita rapid growth under favor- 
able conditions, the moss sooner or later creates conditions by ita 
growth, which are unfavorable for it, and it is either replaced by other 
plaots or aur^ives in an enfeebled state, until the conditions change 
and become more in accordance with its requirements. The main factor 
which seemed to control the distribution of Sphagnum in the bogs vis- 
ited, was, as has been stated, height of the ground water Wei, the 
amount and kinds of mineral matter present in the water or surround- 
ing soil having apparently no relation to the occurrence of the plant, 
for it was quite as frequent and widespread In the bogs of the drum- 
lin region, where bed rock was limestone and the soil and soil-waters 
were highly charged with calcium salts, as in the region of rock hills, 
where granite and metamorphic rocks furnished the greater part of 
the materials composing the soils, or in the region still farther north, 
where sands, largely derived from the Potsdam sandstone, were tlie char- 
acteristic soils, and the soil-waters seemed to have little mineral matter 
in them. In fact, as Sphagnum grows in the bogs of Northern Michi- 
gan, starting above the water level and away from the margin of the 
open water of lakes, and from the shoreward borders of bogs and build- 
ing up a mass of vegetable debris until the living plants are at the 
top of a mound 2 or more feet from the water, it is difficult to see how 
the soil-water can affect it much, one way or the other, and it would 
seem as if it most get most of its moisture from the meteoric water 
coming to it from above, the small amount reaching it from below 
being sufficient to supply it with the little mineral matter it requires. 
Even in vaMey bogs along streams, the conditions are not favorable for 
large supplies of soil water to reach the Sphagnum-bearing part of the 
bog, but the moss was found growing in a few cases near springs where 
the water which it received was noticeably mineralized. The elevated 
and dry peat deposits of the Huron Mountain region seem to originate 
in the growth of Sphagnum and other mosses, and lichens on the bare 
crystalline rock, but this is by no means certain from the few observa- 
tions made, bearing upon the matter, and if true but farther shows the 
lack of relation between the Sphagnum and the soil water. In this discue- 
Bion, it is understood that no one species of Sphagnum is considered, 
but all which came nnder observation were noted, so that the state- 
ments made above are generally applicable. 

Distributiort and Abundance of Peat: One of the first . things 
which strikes an observer in this region, is the number and 
extent of the swamps, which, because of their distinctive plant 
associations, are easily noticeable, and marked out from other 
types of soils. Prom a study of the map showing the distribution of 
the bogs and swamps of the Northern Peninsula, it is evident that the 
Impression gained by traveling over the region is a correct one, and 
that swamps are an important part of the surface features, but are more 
frequent in some parts than in others. By far the greatest area of 
peat swamps, since moat of these awamps are peat-bearing, in the 
state, is in the extensive tract lying in the eastern part of the Northern 
Peninsula, southeast from Munising and extending eastward nearly to 
Sanlt Ste. Marie. This area has a length of nearly 100 miles and its 
greatest width from north to south is nearly 50 miles, if connected, out- 
lying areas are taken into account, but it is usually much narrower than 
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this. This great expanse is not all swamp, but over much of its extent 
coneistB of alteruating low, narrow, sand ridges, or, more rarely, clayey 
ones, and broad swamps and marshes. The flatness of the area, and the 
fact that an outcrop of hard limestone on the south has interrupted tie 
drainage, by preventing the streams flowing out from it from cutting 
their valleys, seem to be the chief causes operating to make this a region 
of swamp. The peat, over much of this area, is very shallow, judging 
from observation and report, and it seems probable that a considerable 
part of it is not deep enough to warrant commercial development. The 
parts of the Northern Peninsula least swampy are the south one-third 
of Houghton and the greater part of Ontonagon and Baraga counties. 
These are regions of rather steep clay slopes and rock hills with well- 
drained valleys between them and conditions are not favorable for peat 
formation. Over the rest of the Northern Peninsula, areas of swamp are 
well distributed and vary in area from a few, to many hundreds of acres 
and the peat in them from a foot, or less, to 20 or more feet in depth. 
On the whole, this region is more swampy, because less well ■drained and 
more ihoist, than the Southern Peninsula, and the peat has accumulated 
in shallow deposits where there would be none farther south, or only a 
thin layer of humus. 

The greater moistnesa of this region ja not due, apparently, to much 
greater rainfall, but to a lower average temperature during the hot part 
of the year, and especially to the absence of long continued heated 
spell^, which reduces the amount of evaporation from the soil and 
prevents drying out and complete disintegration of vegetable debris 
during periods of prolonged drought; cool summer nights with fre- 
quent and very heavy dews, and absence of hot drying winds, doubt- 
less also are contributing causes in the same direction.^ 

Economic Considerations, 

In considering the economic possibilities of the vast stores of peat 
in this region, several factors have to be taken into account^ aside from 
the efficiency of this substance as a fuel, which may be assumed to be 
proven by its extensive use in Europe. First among these, is the quan- 
tity available hear the centers of consumption. As will be seen by 
reference to the map, nearly all of the larger towns are near bogs of 
large extent, and as each acre covered by peat represents on the average 
200 tons of prepared fuel for each foot in depth, the amount of fuel 
piled up in these bogs is, in the aggregate, very great. 

Necesaity of Careful Prospecting: On the other hand mast be- con- 
sidered the facts that most of the surfaces of these bogs are uncleared, 
and are covered by d6bris which is cleared away with great difflcnlty, 
and after the clearing, the upper layers of the peat are so poorly de- 
composed, as to be of little value for use in manufacturing a finished 
product that could be easily bandied by machinery and which would 
bear transportation. The quality of the deeper strata of peat of these 
bogs, is also such that it is doubtful if it could be economically com- 
pressed by existing methods because of the incompleteness of the de- 
composition, and the fact that in many of the bogs, stumps and buried 
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logs are distributed throughout the entire depth. It would be necea- 
sarj to exercise unaaual care in prospecting these bogs of the north, 
before attempting to develop them, to determine the character of the 
material and its adaptability to the purposes for which it was planned 
to use it. The quantity is very large, -the quality, in many places, is 
poor for use in some of the procesBes of preparation. 

Other Fuels Available iti This Region: To an observer from a com- 
paratively treeless, settled region, the amoi:\nt of forest still untouched 
by the axe in Northern Michigan is astounding, and it would seem as 
if there were fuel enough in these to last indefinitely, and at the 
present rate of consumption, such is the case. The experience in other 
regions, and even in parts of this, shows, however, that when once the 
forests are attacked according to modern methods of utilization, they 
soon, disappear as sources of fuel supply, and it may not be long before 
wood will be as scarce in Northern, as it is in parts of the Southern 
Peninsula; at present, however, except in very limited areas, the wood 
supply is too large to warrant the development of peat resources for 
fuel for common uses. If there were no wood to be had, peat fuel would 
still have a strong competition in coal brought from the Pennsylvania 
and Ohio fields, as return cargoes by vessels and cars which carry iron 
ore from the mines to manufacturing centers, and thus, supply a large 
part of the region with the most efSdent and desirable fuel known, with 
which peat fuels cannot at present compete successfully. 

If it were possible to establish peat fuel plants upon the same scale 
that they are reported in Europe, near some of the Northern Peninsula 
ports on the Great Lakes, it is probable that an industry of importance 
could be created in shipping the prepared fuel to the larger cities along 
the lakes, just as is done with wood and mill waste. At present, how- 
ever, no such work seems feasible, although the cheap water transporta- 
tion should foster such an enterprise and help to make it a success if it 
could once be started. 

Peat Coke t«. Relation to tke Iron Industry: A much more prom- 
ising possible use for peat, which has passed the experimental 
stage abroad, is the manufacture of charcoal iron from peat 
coke. Peat is readily transformed into a form of charcoal or coke, 
just as wood, or soft coal is, by heating in closed oven. This sub- 
stance, when made from peat, is in every way as good as coke, which 
it closely resembles, and possesses the great advantage of being as free 
from objectionable substances for iron manufacture as charcoal — in fact 
it is a charcoal, rather than a true coke, since peat is nearer wood than 
coal in its composition. Already there is a great and growing charcoal 
iron industry developing in the state, using enormous quantities of 
wood, which can probably be more economically and quite as profitably 
used in other industries, and which threatens the extinction of the 
remainder of our forests at an early date. The great areas of peat 
in the Menominee and Marquette iron regions, are, in the meantime, en- 
tirely unutilized and are exposed to constant danger of damage by fire 
and overdrainage, as their potential value is not reali7,ed and they are 
considered worthless, when, by following the methods used by the Ger- 
mans, a very profitable use might be made of them, and of other deposits 
as well, since in the manufacture of the coke, the objections to which 
the less thoroughly decomposed peats are open, in making peat bri- 
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<|Qette8, do not obtain, as the finiBhed product is hard and compact and 
does not easily deteriorate in handling. If this material could be 
utilized in this way, existing charcoal plants could posaibly be used 
with but a slight modification, and the by-products, including gas, would 
lye nearly identical in kind, with those now obtained from wood dis- 
tillation. The main change which would be necessary, would be to in- 
stall machinery for digging, handling and drying the peat. The gen- 
■eral development of the manufacture of the peat coke on a large scale 
in this region, should be seriously considered by capitalists and others 
interested in the conservation of the wood supply and the utilization 
of what should be considered an important undeveloped resource. 

Affricultural Poasibilitiea of the Peat Bogs in This Region: In 
most cases, the region traversed by the writer was not sufficiently 
drained to permit of the use of the peat swamp land for agriculture. 
The swamps were still in an uncleared and unsubdued condition, and 
seemed 'likely to remain so, for several reasons, among which coldness, 
lack of drainage, and expense of subduing, were the most frequent 
given. In a few places, however, there had been some agricultural use 
made of the swamps with varying results. In one instance an area 
of swamp had been cleared, drained and put under cultivation at con- 
siderable expense, only to prove entirely useless for growing crops, be- 
cause of the undecomposed condition of the peat — it was too dry for 
any cultivated plants to grow upon; burning off the surface layer, had 
been tried, but the whole deposit was so poorly decomposed that this 
did little, if any, good, and, in the opinion of the writer, this will prove 
to be the case in many of the peaty swamps of this region. The method 
of treatment which should prove most efficacious with land of this sort, 
is the use of plenty of barnyard manure, which, by introducing fer- 
mentive organisms and fungi, into the peat, helps decomposition, in- 
creases its moisture holding powef, as well as furnislies readily absorbed 
food for the crop plants. Around Newberry, the peat has been suc- 
cessfully used for producing a variety of crops, and seemed, where cul- 
tivated, to be in all respects in good condition for the purpose, and the 
celery grown here, in this type of soil, has a well-merited reputation for 
its excellent quality and flavor. 

In conclusion, it may he well to point out that the swamps are the 
last kind of lands to he'fully utili7.ed in any region, and that in many 
of the older and more thickly settled parts of the state, the boga and 
swamps are still in a wild state and are waste land to all intents and 
purposes, for the reason that, in many cases, attempts to use them have 
been misdirected and failures on this account. This problem of using 
this class of laud is a difficult one to solve, and while the returns are 
excellent, if a correct solution is found, the chances are many that 
failure to see some of the factors of solution, will give an entirely un- 
satisfactory return for the efforts made, and a few such uusucc^sful 
attempts discourage farther effort in a given locality. If this is true, 
in the southern part of the state, where the bogs generally have a 
much better and more fully disintegrated peat, and where decomposi- 
tion goes on more rapidly than in the north, it is very likely to be more 
frequently so in the northern part, and it would be unsafe to try culti- 
Tation of peat swamps on a targe scale in this region, until the condi- 
tions to he met there have been thoroughly tested by experiments, care- 
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fully conducted after a sufficiently thorough preliminary inveBtigation. 
In Europe these matters ai-e now generally tucned over to commiasiona 
or societies of trained experts, partly paid by government and partly by 
private subscription of land owners and all of the possibilities of 
a given type of lands are thoroughly investigated and tested and the 
results reported upon, before private iiidivtduats take the matter up. 
The majority of the countries of Northern Europe now have strong so- 
cieties, whose sole purpose is the development of the swamp lands of 
the countries, and great strides have been made in renderiug some t>f 
such areas productive, through the work of these organizations. Similar 
work ought to be done in this country, and andoubtedly will be, as the 
need of properly utilizing the large areas of swamp and bog lands 
throughout the northern part of the country, becomes more pressing, 
because of the exhaustion of other lands and the increase in population. 

Other Usee that Might he Made of Peat: There are other uses to 
which tbe extensive peat bogs in the vicinity of the cities might be jmt 
to advantage, all, however, requiring rather large investment of cap- 
ital to make them possible. Among these are the use of the substance 
in certain manufactures, such as paper pulp or paper, fabrics, etc.; its 
use in such a way is not, however, probable, when other extensive 
natural resources, such as the extensive hardwood forests, are not yet 
being developed. 

The establishment of central plants on extensive boga for the gen- 
eration of electricity to be transferred to mines and mills at a distance 
is also one of the possible other uses which might be made of the stores 
of peat which have been described, but again it does not seem likely 
that capital will seek such an investment, until some of the many really 
fine waterfalls, capable of producing, in the aggregate, a vast number of 
horsepowers of electric current, have been harnessed and this cheap and 
efBcient source of energy developed to, something near its capacity, be- 
cause the water power is more cheaply developed, and is much more 
permanent than any peat, or other similar deposit could ever be. 

Peat, as a source of gas for beating, for use in explosive engines^ 
and for lighting, is a possibility of no mean importance, since the 
gas can be generated at the bog and piped long distances, and since 
peat gas is rated as excellent for all purposes mentioned, especially 
for use in engines. In addition to the gas in* such a plant, ooke and 
various secondary products would be obtained which would add to the 
value of this form of the utilization of peat bogs. It seems unlikely that 
even this comparatively inexpensive way of developing an Indnstry based 
on the peat bogs of the ^Northern Peninsula will be considered prac- 
ticable and practical in the near future, although for years in Sweden 
and other parts of Northern Europe peat gas has been used with snc- 
cess for various purposes and is made by comparatively simple and 
cheap apparatus, but the sparse population, the lack of industrial de- 
velopment, except in certain lines, and prejudice in favor of established 
methods and against the innovation will tend to prevent suCh a utiliza- 
tion of peat as that suggested even in connection with mining opera-, 
tions, where it could be moat profitably used in a variety of ways. 

In this section of the report, stress has been laid upon the history 
of the development of the bogs, because so little was known of it in 
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this region, aad also because tbe teclinical aspects of the question are 
more fully developed in another Bection of the work, 

Belo^' is given a list of the plants mentioned in this sec- 
tion of the reports, giving the scientific names equivalent to the eom- 
uion names of species which have been listed and discussed in connec- 
tion with descriptions of lakes, bogs and other featnres which have been 
considered in the preceding pages, for the use of botanists, teachers 
and others who may wish to be sure of the identity of the plants named. 



(Names generally correspond with those used in Seal's Michigan Flora, 
Bth report Michigan Academy of Science, 1904, Reprinted by State Board 
of Agriculture, 1904.) 

1. Common Alder, Alnvs incana (L,) Willd, 

2. Andromeda, Andromeda polifolia L. 

3. Canada Anemone, Anemone Canadensis L, 

4. Arbor Vitae or White Cedar, Thuja occidentalis L, 

5. Trailing Arbutus, Epigwa repena L, 

6. Arethusa, Arethusa buibosa L. 

7. Arrow-grass, Sagittaria latifolia Willd. 

S, Marsh Arrow-grass, Triglochin paluatns L. 

9. Broad-leaved Arrow-head, Sagittaria latifolia Willd. 

10. Aspen or American Aspen, Populus tremuloidea Michx, 

11. T^arge- toothed Aspen, Populus grand ideittata Michi. 

12. Black Ash, Jf^raxinna nigra Marsh, 

13. Mountain Ash, Morbus Americana Marsh. 

14. Balsam or Fir Balsam, Abies balsaitica (L,) Miller, 

15. Basswood, Tilia Americana L. 

16. Bearberry, Arctostaphj/llos Uva-Vrsi (L.) Spreng. 

17. Beecb, Fagus Americana Sweet, 

18. Marshi Bell-flower. Campanula aparitioides Pureh. 

19. Black Birch. Betula lenta L. 

20. Dwarf Birch, Betula pumila L. 

21. White Birch, Betula papyrifera Marsh. 

22. Yellow Birch, Betvla hitca Michx. 

23. Hmall Bishop's-cap, Mitclla nutla L. 

24. Tall Blackberry. Rubus nigrobacciis Bailey. 

25. Canada Blueberry, Vaccini^tm Canadense Rleliards. 

26. r.*>w Blueberry. VacHnitim Pcnnsjflvaniciim Lam. 

27. Low Black Blueberry, Vaccinium nigrnm (Wood) Britton. 
2S. Flat-leaved Bladderwort, Utricularia intermedia Hayne. 

29. Greater Bladderwort, Utrimlaria vulgaris L. 

30. Horned Bladderwort, Utrictilaria cornuta Michx, 

31. Smaller Bladderwort. Vtriciibiria minor L. 

32. Larger Blue Flag, Iris versicolor L, 

33. Brake or Common Brake, Pteridium aquiUntim (L.) Enhn. 

34. Buckbean, Metiyanthes trifoliata L. 

35. Buckthorn. Rhaniniis alnifoHa L'Her, 
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36. Dark-green Bulrush, Scripus atrovirena Mufal. 

37. Lake Bulrush, Scirpus lacvttris L. 

38. Bunch-berry, Comua Canadensis L. 

39. ^Smaller Bur-Marigold, Bidens cemua L. ■ 

40. Bur-reed, Sparganiwm Sp. 

41." Bniall Bur-reed, Sparganium minimum Fries. 
"41a. Bubmerged Bur-rwd, Sparganium simplex angustifoUum 
(Michx.) Engelm. 

42. Pursh'a Buttercup, Ranunculus Purshii Richards. 

43. Calopogon, lAmnodorum tuierosum L. , 

44. Cassandra, (fham<Bdaphne calyculata (L.) 

45. Cat-tail, Typha latifolia L. 

46. Cedar or White Cedar, Thuja occidentalis L. 

47. Dwarf Sand Cherry, Prvnus pumila L. 

48. Wild Bed or Pin Cherry, Prumis Pennsylvanica L. 

49. Choke-berry, Aronia arbutifoUa (L.) Medio., and Aronia nigra 

(Wilid.) Britton. 

50. Three-toothed Cinqnefoil, Sibbaldiopsis tridentata Rydb. 
61. Shrubby Cinquefoil, Dasiphora fruticosa (L.) Bydb. 
52. Clintonia, Clintonia ftorcalis (Ait.) Raf. 

' 53. Bog Club-moss, Lycopodium inundatum L. 

54. Water Ctub-ruBh, Scirpus suhtcrminalis Torr. 

55. Alpine Cotton-grass, Eriophonim alpi^iiin L. 

56. Slender Cotton-grass, Eriophorum gractle Koch. 

57. Tall Cotton-grass, Eriophorum polystachyon L. 

58. Virginia Cotton-grass, Eriophorum Tirginicum L. 

59. Silky Cornel, Comus Amonum Mill. 

60. Spotted Cowbane. Cicuta maculata L. 

61. Cow-wheat, Afelampprum linearc Lam. 

62. Large Cranberry, Oxycoccua rnacrocarpiis (Ait.) Pers. 

63. Small Cranberry. Oxycocctis Oxycocrus (L.) MacM. 

64. Bristly Crowfoot, Ramincuhis Pennsyh'aniais L. 

65. Great Water Dock. Sumex Briltanica L, 

66. Dulichium, Dulichium arundinaceum (L.) Britton. 

67. Rock Elm, Vlmus racemosa Thomas, 

68. White Elm, Vlmus Americana L. 

69. Cinnamon Fern, Osmunda Cinnamomea L. 

70. King Fern, Osmunda rcgalis L, 

71. Marsh Shield-fern. Dryopteris Thelyptcrig iL.) A. Gray. 

72. Sensitive Pern, Onoclea scnsibilis L. 

73. Sweetfprn. Comptonia perigrina (L.) Coulter. 

74. Philadelphia Fleabane, Erigeron PlUladeJphicus L. 

75. Spurred Gentian, Tetragonanthus deHexua (.7. K. Smith) Knntze. 

76. Goldthread, Coptia trifolia (L.) Salisb. 

77. I^te Golden-rod, SoUdago acrotina Ait, 

78. Small Goose-grass, Galium trifidum L. 

79. Blue-Joint Grass, Calartiagrostis Canadensis (Michx.) Beauv. 

80. Floating Manna-grass. Panicularia Huitans CL.) Kuntze. 

81. Nerved Manna-graee, Panicularia nerrata (Willd.) Kuntze. 
81a. Tall ^lanna-grnss. Panicularia Amerii-ana (Torr.) MacM. 

82. Tall Reed-graea. Phragmites Phragmitca (L.) Karst. 

83. Beaked Hazel-nut, Corylua rostraia Ait. /— i , 
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84. Hemlock, Tsuga Catuidenais (L.) Carriere. 

85. Cut-leaved Water Hoar-hound, I^/copus Amerieanus Muhl. 

86. Mountain Holly, Ilicioides mucronata (L.) BrittoD. 

87. Buah Honeyauckle, Diervilla Diervilla (L.) MacM. 

88. Swamp Honeysuckle, Lonicera ohUmgifolia (Goldie) Hook, 

89. Commou Horsetail, Eguisetum arvense L. 

90. Huckleberry, Oayhtssada re«ino$a (Ait.) Torr. & Gr. 

91. Ironwood, Ostrya yirginica (Mill.) Willd. 

92. Labrador Tea, Ledum Qreenlandicum L. 

93. Showy Ladies' Slipper, Cypripedium reginae Walt. 

94. Stemless Ladies' Slipper, Cypripedium acaule Ait. 

95. Pale Laurel, Ealmia gtauca Ait. 

9t>. Ladies' Tresses, Oyrostachya cemua (L.) Kuntze. 

97. Beindeer Lichen, Cladonta epp. 

98. Wild Lily-of-tbe-Vallej, UnifolUim Canademe (Deaf.) Greene. 

99. Fringed LooBestrife, Stcironema ciUatum (L.) Raf. 

100. Swamp Loosestrife, Decodon- verticillatus (L.) Ell. 

101. Tufted Loosestrife, Naumbcrgia th^rsiHora (L.) Duby, 

102. Hard Maple, Acer saccharum Marsh. 

103. MouDtain Maple, Acer spicatum Lam. 

104. Red Maple, Acer ruhrum L. 

105. Purplish Meadow-RuCj TluiUctrum purpurascens L. 

106. Meadow-Sweet, Spiraea galicifolia L. 

107. Swamp Milkweed, Asclepiaa incamata L. 

108. Wild Mint, Mentha Canadensis L. 

109. Small Mistletoe, Razoumofskya pitsUla (Peck) Kuntze. 

110. Monkey Flower, Stimulus ringens L. 

111. Hair-cap Moss, Poli/trichum spp. 

112. Slender Naias, Waias Hexilis (Willd.) Roat & Schm. 

113. Hedge Nettle, Stachys aspera Michx. 

114. Red Oak, Quercus rubra L. 

115. Scarlet Oak, Quercus coccinea Wang, 

116. Tall Green Orchis, Lirnnorchis hyperborea (Ij.) Rydb. 

117. Tall Ijeafy Green Orchis, Limnorchis hyperborea (L.) Rydb. 

118. Tall White Bog Orchis, Limnorchis dilatata (Pursh) Rydb. 

119. Red Osier, Cornua stolonifera Michx. 

120. Marsh Pea, Lathyrua paluatris L. 

121. Harthwright's Persicauja, Polygonum HarUorightH A. Gray. 

122. Swamp Persicaria, Polygonum emersttm (Michx. )_Britton. 

123. Pickerel Weed, Pontedcria cordata L. 

124. Jack Pine, Pinua divaricata (Ait.) Oord. 

125. Norway Pine, Pinua rcsinosa Ait, 

126. White Pine, Pinua Stroius L. 

127. Indian Pipe, Monotropa unifiora L. 

128. Pipe-wort, Eriocaulon septangulare Willd. 

129. Pitcher Plant, Sarraccnia purpurea L. 

130. Fringed Polygala, Polygala paudfiora Willd. 

131. White Pond Lily, Castalia spp, 

132. Yellow Pond Lily, T^'myphrra ndvcnn Soland. 

133. Common Floating Pondweed, Potamogeton. natana L. 

134. Pondweeds, Potamogeton spp. 
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1S5. Balsam Poplar, Poptilug balsamifera L. 

136. Joe Pye-Weed, Eupatorium purpurevm L. 

137. Low Raspberry, Dwarf Raspberry, Rubus Amertcanua 

(Pers.) 0. A. F. 

138. Red Raspberry, Rubua strigosua Miclix. 

139. Rush, Juncus spp. 

140. Slender Rusb, Jiinaia tcnuia Willd. 

141. Soft Rush, Jtincus effusws L, 

142. Swamp Saxifrage, fe'tut/raja Pennsylvanica L. 

143. Bristly Sarsaparilla, AraUa hispida Vent. 
143a, Scheuclffieria, Scketichzeria paluatris L, 

144. Bottle Sedge, Carex utricuiata Boott. 

145. Bristly Sedge. Carcx comosa Boott. 

14fi. Bristle-stalked Sedge. Carex leptalca Wabl. 

147. CreepiDg Sedge, Carex chordorhiza L. f. 

148. Fox Sedge, Carex vidpinoidea Miclix. 

149. Few-seeded Sedge. Carex oligosperma Micbx. 
IBO. I.>esser Panicled Sedge, Carea: teretiuactiia Good. 

151. Little Prickly Sedge, Carem aterilia Willd. 

152. Magellan's Sedge, Carex Magellanica Lam. 

153. Pennsylvania Sedge, Carex Pcnnst/lvanica Lam. 

154. Porcupine Sedge, Caren hyatridna MuUl. 

155. River-bank Sedge, Carex riparia W. Curtis. 

156. Bartwell's Sedge, Carex SarticellH Dewey. 

157. Slender Sedge, Carex fiUformia L. 

158. Soft-leaved Sedge, Carex terKlla Sclik. 

159. Three-leaved Sedge, Carex trisperma Dewey. 

160. Tussock Sedge, Carex stricta Lam. 

161. Water Sedge, Carex aguatilia Wahl. 

162. Yellow Sedge, Carex Hava L. 

163. Marsh Skull-cap, Scutellaria galericttlata L. 

164. Common Smart-weed, Polygonuvi hydropiper L. 

165. Sneeze-weed, Helcn-ium autumnale L. 

166. Creeping Snowberry, Chiogenea hispidula (L.) Ton- & Qr. 

167. Sheep Sorrel, Rumcx acetoselia L. 

168. Three-leaved Solomon's Seal, Yagn^ra trifolia (L.) Morong. 

169. Sphagnum, Sphagnum spp. 

170. Creeping Spike-rush, EfcocAart's pa7((S^i« (L.) R. & S, 

171. Black Spruce, Picea brevifolia Peck. 

172. Black Spruce, Picea Mariana (Mill.) B. S. P. 

173. White Spruce, Picea Canadensis (Mill.) B, S. P, 

174. StiXTSower^Triciitalia Antcncana (Pcrs.) Pursh, 

175. Northern Water-Starwort, CalUtricJie bifida (L.) Morong. 

176. Water-Starwort, CalUMchc paluattia L. 

177. Canadian St, Johii's-wort, Hypericum Canadense L. 

178. Marsh St. John's-wort, Triadcmim Virginicym (L.) Raf, 

179. Barren Strawberry, WaUlatcinia fragarioidea (Micbx.) Tratt. 

180. Round-leaved Sundew. Droacra rotundifoUa L. 

181. Sweet Flag, Acorua Calamua L. 
1S2. Sweet Gale. Myrica Gale L. 

183. Tamarack, Larix Laricina (DuRoi) Koch. 

184. Swamp Thistle, CarrfHjfs jni(hcw8 (Mx,) Pers. 
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185. Touch-nie-Dot, Jmpatiens biffora Walt. 

IHG. Twin-flower, lAnruBa Americana Forbes. 

187. Swamp Valerian, Valeriana uHginosa (T, & Q.) Bydb. 

188. Blue Vervain, Verbena hcstata L. 

189. Kidney-leaved A'iolet, Viola renifolia A. Gray. 
1!)0. Ijance-Ieaved Violet, Viota lanceolata L. 

191. Marsh Violet. Viola Le Conteana Don. 

192. Sweet Wild Violet, Viola blanda Willd. 

193. Yellow Watercress, Roripa paluatrig (L.) Bess. 

194. Bulb-bearing Water Hemlork. Cicuta bulbifera L. 
195j Sweet-scented Water Lilr. CastaUa odorata 

(Prjand.) Woodv. & Wood. 

196. Water Shield, Brasenia pui-purca (Michx.) Oasp. 

197. Bebb'a Willow, Salix Bcbbiana Sai^. 

198. Hoary Willow, Salix Candida Fluegge. 

199. Myrtle-leaved Willow, Salij- myrtilloidcs L. 

200. Shining Willow. Saliie lucida Mnhl. 

201. Silky Willow, Salix acricea Marshall. 

202. <ireat Willow Herb, Chatnwncrion angu$tifolium (L.) Scop. 
2li;{. Marsh Willow Herb, Epilobiim palttstrc L. 

204. Winterberry, Ilex vertidlJata (L.) A. Gray. 

205. Wintergreen, Qaultheria procunibens L. 
200. Bog Wintergreen. Pyrola uUg'moaa Torr. 

207. Withe-rod, Viburnum cassinoidCB L. 

208. Wood-rnsh, Juncoidcs pilosum (L.) Knntze. 

209. Upright Yellow Wood-sorrel, Oxalia stricta L. 

210. Wool-grasB, Scirpua cypcrintia (L.) Kunth. 

Liai of Plantit from Huron Mountains. 

211. Small Bedetraw, Oalium trifidum L. 

212. June Berry, Amelanchier Canad&iaia (L.) Medic. 

213. Black Bindweed, Polygunum Convolmthi$ L. 

214. Bugleweed, Lycopva sp. 

215. Choke Cherry, Pritnua Virg'miana L. 

21(i. Wild Red Cherry, Prumia Pennaylvanica L. f. 

217. Mouse-ear Chickweed, Cerastium vulgatum L,- 

218. Kougb Cinquefoil, Potetitilla Monapclienaia L. 

219. Red Clover. Trlfolium pratenae L. - 
220- White (Mover. TrifolUtm rcpens T.. 

221. I'ale Corydalis, Capnoides sempervircna (L.) Borck. 

222. Fetid Currant, RHi^a prostratum L'Her. 

223. Red-berried Elder, Sambticus pubcns Michx. 

224. Fire-weed, ChamwncHon anguatifolium (L.) Scop. 

225. Blue Grass. Poa pi-atcnsc L. 

220. Hair Grass, Agroatia hycmalia f Walt.) B. S. P. 

227. Wild Oat-grasa, Danthonia apicata (L.) Beauv. 

228. Roi'k Panic-grass, Panicum sp. 
329. Wire-graas, Poa comprcasa L. 

230. Swamp Horsetail, Equiaetum fluiintile L, 

231. Tx)w Jnniper. Juniperus nana Willd. 

232. Water Lobelia. Lobelia Dortmonna L. 
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233. American Mountain Ash, Sorbua Americana Marsh. 

234. Pigweed, Chenopodium album L, 

235. Common Polypody, Polypodium vulgare L. 

236. Quillwort, laoetea sp. 

237. Red Top, Agrostig alba h. 

238. Bladder Sedge, Carex folliculata L, 

239. Sheep Sorrel, Rumex Acetoaella L. 

240. Spike-rush, Eleocharis acicularis (L.) R. & 8. 

241. Marsh St, John's wort, Triadenum Virginicum (L.) Raf. 

242. American Wood Strawberry, /'Vrtj/ario Americana (Porter) Britton. 

243. Timothy, Phlewm pratense L. 

244. Dog Violet, Viola Labradorica Schrank. 

245. Sweet White Violet, Viola blanda Willd. 

246. Yellow Water-cpess, Roripa paluatria (L.) Bess. 

247. Purple-leaved Willow-herb, Epilobium coloratum Mnhl. 
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PART III. 

ECONOMICS OF PEAT. 

MISCELLANEOUS USES OF PEAT. 



Introductory: IVat is a substance of such common and abundant oc- 
currence in tlie regions where it Is found at all, and varies so much in 
texture and purity that it is not remarkable that it should be put to a 
variety of uses for which its composition, structure and other properties 
make it more or less perfectly fitted, especially in countries where other 
^ forms of raw materials are scarce and expensive, and where there is an 
abundance of various types of peat. 

Uses in Agriculture: Long before it was considered as a source of 
manufactured material, however, it was used as a soil upon which to 
grow crops, and in a number of other ways by the farmers, and methods 
of improving "swamp," "marsh," "moor," "fen" and "muck" lands have 
been important problems in agriculture from early times. Some geolo- 
gists, and others, make a technical distinction between muck and peat, 
applying the name peat only to nearly pure deposits of vegetable matter, 
while the name muck is given to those which have a considerable ad- 
mixture of mineral matter in the form of mud or other finely divided 
rock debris, but among the farmers of Michigan and adjoining regions 
no such distinction is made and all classes of soil, from pure peat, to that 
with much mineral matter .mixed with it, are called muck. 

Importance of Muck Soils in Michigan Agriculture: Swamp lands, 
largely covered by pent and muck, are estimated according to Towar' 
to form one seventh of the entire area of Michigan, and since they are 
quite uniformly spread over the agricultural regions of the state, so that 
most farms of 100 acres or more have some part of their surface of this 
type of soil, it is apparent that they furnish a problem of some magni- 
tude. 

In the early days of farming in the state, these areas were considered 
worthless and were left in a wild and much neglected condition, as many 
still are, but as the higher and dryer lands have become less productive, 
and through improved conditions, drainage of swamps has become possi- 
ble, the murk soils have attracted more and more of the attention of pro- 
gressive farmers, and from being considered nearly worthless, and entirely 
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nnproductivej the; are now recognized as valuable and highly productire 
t;pes of soil for many crops, and it is as farm land, perhaps, that peat 
will yield the largest returns. In spite of this fact, however, there are 
still great areas of such laud in Michigan in a wild condition, which 
if they could be reclaimed, would add largely to the total wealth of the 
state, and to the individual resources of the owners. 

Difficulties mv QrovAng Crops in Muck Soils: It is apparent that 
there must be some reasons why swamp lands are neglected to such an ex- 
tent, and these appear, when it is learned that in many cases there are 
serious difficulties encountered in securing paying crops from soils of this 
type, after they have been made ready for cultivation. 

The causes of these difficulties naturally group themselves under the 
following heads: 

(i) Those due to situation. 

(2) Those due to the nature of the soil itself. 

(3) Those due to impurities in the soil. 

(4) Those due to unwise choice of crops. 
Under (1) the following must be considered: 

(a). The swamp is such because it lies in a situation where the 
ground water level rises nearly to, quite to, of above the surface of the 
ground, which causes the soil to be excessively wet. 

(b). Swamps are usually located in depressions, and as cold air 
flows down hill just as water docs, it accumulates over the swamps and 
causes unseasonable frosts during cool nights in the summer time. 

(2) Peculiarities of the muck which give trouble are: 

(a). The retention of vegetable structure, which gives it great power 
to take up and hold water, as ia shown by the following table quoted by 
Carpenter' from Schubler, which gives the amount of water absorbed 
and retained without dripping. by 100 pounds of the following soils: 

Founds of water Per cent of evapo- 

rctained. ration in 4 hours. 

Quartz sand 25 88,4 

Lime sand 29 75.9 

Clay soil 40 52.0 

Heavy clay 61 34.9 

Muck 181 25.5 

Coarse peat 377 to 519 

The muck holds more then seven times as much as the sand and three 
times as much as the heavy clay. 

(b). This water-holding property of muck makes it cold under ordi- 
nary moist conditions, since before the soil can be warmed the water 
which it holds must be warmed also. 

(c). On the other hand, when dry, muck heats up very quickly, and 
radiates its acquired heat more rapidly than any other soil, making It 
very warm during the day and cold at night. 

(d). When it has Iwcome thoroughly dried out, peat is often powdery, 
and very porous, and the dried particles become to a considerable de- 
gree, impervious to water, so that In dry times it does not readily be- 
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come wet after it has once dried out. Tliis property taken id connec- 
tion with (c) makes it especially hard to deal with in times of dronght. 

(e). Ah has been pointed out in another place (page 214) peat may 
seem quite moist, and yet, because the water it contains is held in the 
remains of plant cells and tissues of whicli it is made, this is not avail- 
able for absorption by the roots of growing plants. 

(f). Because of its loose structure and lack of firmness and com- 
pactness when dry, it does not give good root bold to crops which gi*ow 
tall. 

(g). Because it is so wet during the fall and spring, when freezing 
and thawing are going on, crop plants wintered upon this type of soil 
are very liable to injury from frost "heaving." 

(h). While very rich in plant foods, muck soils have some of the most 
important of these so combined with other substances that they ai-e not 
readily available to the growing plants. 

In this connection attention should be called to the work of the 
European bog and swamp culture societies and the excellent work which 
they have done and are doing in bringing large areas of nnpro- 
V ductive moors and swamps into such condition that crops of some kinds 
can be raised on them. Since, however, European conditions of climate, 
of land holding, of labor, of crop production, and of markets are unlike 
ours, the methods used there can only be used in a general way here, but 
the thoroughness of the investigation of these societies, their wide scope 
and the excelient results make it seem that the work done by them should 
be followed in this country by that of similar organizations among land 
owners and farmers. 

(3) The impurities injurious to crops which accumulate in peaty 
soils are of two classes, as follows: 

(a). Organic acids. 

(b). Mineral salte. 

(a). It is a matter of common observation that muck soils are 
frequently so sour that they cannot be used for certain crops. Thia is due, 
in part, at least, to the presence of organic acids which are formed during 
the decomposition of the plant remains of which the muck is composed. 
The sourness seems to be due chiefly to burnous aci<is, but ulmic acid is 
present in the browner types of peat and it is probable that tannic and 
other organic acids occur in smalt quantities. As all of these com- 
pounds are poisonous to a greater or less extent, it is evident that their 
presence is undesirable and may be harmful to particular plants. 

(b). Of the mineral salts whicli occur in peat, and which are com- 
mon in Michigan, ferrous sulphate or sulphate of iron, seems to be the 
mofit injurious to crop plants and sometimes makes the soil entirely use- 
less. This is most often found in peat formed around springs and upon 
springy slopes, and the iron is doubtless derived from the water of the 
springs in which it exists as the carbonate. 

Another soluble salt which is poisonous to crops is magnesium car- 
bonate, probably derived from the soil lielow the peat and brought to 
the surface by capillary action, during the process of cultivation. This, 
substance gives an alkaline reaction to the soil in which it is present, and 
is more likely to appear in injurious quantities after the soil has been 
cultivated for some time, 

(4) From the consideration given above, it is evident , that swamp 
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mack a8 a type of soil is not adapted to all kinds of crops, and r 
all deposits cannot be treated alike, if Hatisfactory results are to be 
obtained from them after they are prepared for use. It must be re- 
membered therefore, that it is often necessary for the owner of a piece of 
sach land to make a special study of its possibilities and peculiarities 
before he can realize its full value and productivity. 

In a large number of cases, for some years after reclamation, the sur- 
face of swamp land will })e coarse textured and loose, because of the 
imi>erfect decomposition of tlie upper layers of the deposit, which adds 
to the difQculty of utilizing it to the beet advantage, and it is probable 
that grass for hay or pasturage will generally give the most satisfactory 
results during the period while the surface is settling and becoming 
compacted and the coarse material broken down into that sufticiently fine 
for best agricultural use. 

Methods Used in ReeUtiming Sicamp Lands: It is not the place here 
to go into the details of the methods of preparing swamp lands for profit- 
able agriculture, but a statement of one essential may not be ont of place. 
This is effectual and complete drainage, no simple matter, it is true, but 
without this, all authorities agree and experience shows that nothing 
satisfactory can be done. 

Such soils should never be set on fire to improve their texture or com- 
position. This point is enforced very stcorigly by the reply of the late 
Dr. R. C. Kedzie to a question as to the advisability of this practice, 
put to him at a Farmers' Institute in which he said in bis emphatic 
way, ''You might as well burn down your barn in order to sell the ashes." 

Of the many papers contained in the i-eports of the Michigan Board of 
Agriculture, discussing methods of handling this kind .of soils and of 
fitting them for farming and also giving results of actual experiments 
upon them in various parts of the state, the following are especially to be 
cited : 

Carpenter, B. C. : The Improvement of Muck Swamps. 

Report Mich. Board of Agriculture 18Sfi, p. 154. 
Rowe. W. A. : Treatment of I'eaty Soils after Drainage. 1886, p. 175. 
Kedzie. R. C: Management of Swamps. 

Bulletin 115, Mich, Agricultural Exp. Station. 

Also in Report Mich. Bd. of Agric. 18115, p. 371. 
Crozier, A. A. : Wheat on Muck Land, 

Bulletin 141, Mich. Agricultural ICxp, Station. 

Also, in Report of Mich. Bd. of Agric. 1897, p. 284. 
Towar. J. D. : Muck Experiments. 

Bulletin 181, Mich, Agricultural Exp. Station. 

Also, in Report Mich. Bd. of Agric. 1900, p. 275. 
Towar. J. D.; Beet Exporinients on Muck Land. 

Bulletin 179. Mich. Agricultnral Exp. Station. 

Also, in Report Mich. Bd. of Agric. 1900, p. 235. 

Many other refei-ences mav bo found by consulting the index to tbe 
Reports from 1S49-1S88. 

In Holland. large areuK of bog, after the pent has been used for fuel, 
are diked and drained, and make excellout farming lands, which sup- 
port a considerable population. 
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Peat as a Fertilizer: Next id importance, so far ae agriculture is 
concerned, to its use as a soil upon wliicli to grow crops, peat has a well- 
recognized value as a fertilizer for other kinds of soil, particularly for 
those which are deficient in organic matter. When used for this pur- 
pose, it 18 either applied directly to the soil to be enriched, -or after 
composting it with stable or barn-yard manure, a very desirable prac- 
tice for which its great absorbent power especially fits it. If used with- 
out comjiosting, it should be well rotted and in condition such that it 
crumbles readily when it is air dry, not in the form of hard lumps or 
stringy clods, and in order to reduce the coarser kinds to this condi- 
tion, it should be piled in heaps and left exposed to the weather for a 
year or longer, until it loses its fibrous character and breaks down into 
the finer grained, more friable condition. The same exposure to the 
air and weather should be given the black, wet and sticky peat, which 
is found in bogs below the water, level, for if it is taken to the bog and 
put upon the fields in luinpK, it dries into- hard iiiaaaes and clods, 
which are very difficult to break up when once they have dried and 
hardened, and are of no l>eneflt whatever to the land. If. however, this 
material is thrown out ujHin the surface of the bog in heaps and al- 
lowed to drain and dry and to I)e exposed to freezing and thawing 
through the winter, it becomes thoroughly disintegrated and powdery, 
and then loay be used with good effect. The drying out upon the bog 
also makes the handling the material so much the cheaper, since the 
peat loses a large part of the water which it has in the bog. often 
amounting to more than tK)% of the weight of the whole load, the 
handling and hauling of 'nhich is, in large part, waste work. If a 
block of this black sticky peat is taken fr(»m the b<^ and measured and 
weighed before it has become dry, and then after, the importance of 
this way of treating it will become apparent. 

If used as material for comiwsting. peat is mixed in alternate layers 
with about equal bulk of stable or barn-yard manure, to which may be 
added weeds, straw, or any kind of undecomposed vegetable or animal 
matter, piled in heaps. The fermentation of the manure induces chem- 
ical changes in the peat also, and these changes make available to crops 
the nitrt^en which is present iu the peat in an unusable form, as well 
as other valuable constituents. 

The peat also absorbs and holds a considerable part of the ammonia 
which is set free in the processes of decomposition, and which would 
otherwise escape into the air and be lost. Because of its power to take 
up and hold liquids, it prevents leaching of thcmore easily soluble 
solids, some of which are very valuable plant foods, and holds them in 
such a manner that they are saved to be used by the crops. If used in 
this way a load of dry peat may well be rated, as it often is, as valuable 
as a load of stable manure. 

The following analyses of the Michigan celery soils show how rich 
the jieaty types of soil are in nitrogen and in other essential elements 
for the growth of crop plants. In these soils, which are low-grade peat, 
the amount of mineral matter, as shown by the sand and silicates, is 
much larger than in pure ]>eats. but as they are from typical localities 
where extensive use is made of the muck soils, they serve for illustration 
here.' 
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Kalamazoo Celery Soil, from Kalamazoo, Mich. 

Parts per 100. 

Sana and silicatea 19.16 

AJiimina 1.40 

Oxide of iron 3.94 

Lime 6.09 

Magnesia .81 

Potash .34 

Soda .38 

Snlphuric acid 1.31 

Phosphoric acid .88 

Carbonic acid 1.95 

Orsaoic matter containing 2.53 nitrogen 63.76 

Water 6.51 

Grand Haven Celery yoil. from Grand Haven, Mich. 

Parta per 100. 

Sand and silicates 24.09 

Alumina 1.71 

Oxide of iron 3.52 

Lime 5.02 

Magnesia .62 

Potash .20 

Soda .33 

Snlphuric acid 1.04 

Phosphoric acid .69 

Carbonic acid 1.05 

Orpanic matter containing 2.32 nitrogen 61.73 

Water 10.85 

Newberry Celery Soil, from Newberry, Luce Co., Michigan. 

Parts per 100. 

Sand and silicates 24.56 

Alumina • 2.21 

Oxide of iron 1.30 

Lime 4.18 

Magnesia .75 

Potash .42 

Soda .40 

Sulphuric acid .67 

Phosphoric acid .46 

Carbonic acid 1.10 

Organic matter containing 1.75 nitrogen 63.75 

Water 7.31 

In a discnasion before the Michigan Horticultoral Society, Dr. R, C. 
Kedzie,' than whom we have no higher authority in agricultural chem- 
istry in this country, said in regard to use of mucli for composting: 
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"Barn-.vard manure ooinposfed with equal volume of powdery innrk, 
by placing these matei-inla in alternate layer». then shoveling it all 
over once, in the spring, a month before it jjoes to the j^iirden or field, 
will give double the volume of the manure scarcely inferior to well- 
rotted barnyard manure. Such composting is not a process of dilu- 
tion but a substantial addition of manui-ial matter. Muck contains 
nearly the same ijuantity of combined nitrogen i'2%) as well-rotted 
manure, but this nitrogen is in the inert or inactive form. By com- 
position with barnyard -manui-e, the active fermentation of the animal- 
ized matter induces fermentation of the muck and some of the nitrogen 
is made active." 

Stable atid Bani-yard Litter: I'eat may not only be used as compost- 
ing material to excellent advantage, but also it has extensive use in 
Enro]»e. and a moi-e limited one in this country, (1) as stable litter 
and bedding for horses and stock, and (2) it is drawn into barnyards 
and used there as an absorbent and deodorizer. (1) For bedding and 
stable litter, the best kind of material seems to l)e the coarse, top la.vers 
of the jieat bogs, including the coarse mosses and grass-like plants which 
often make np the surface covering. In 8<mie cases dry. powdery peat in 
used, especially where a deodorizer is wanted, but the ideal material 
for l>eddiug is the Bphagniim moss litter. This is very light in weight 
and from nearly white to light brown in color, when dry, absorbs large 
(luantlties of moisture in proportion to its bulk, and forms a springy ' 
la.ver, whicli is not surpassed by any other material used for the pur- 
pose. Aside from these qualities, it is a powerful deodorizer, and a dis- 
infectant of some value, and accumulates and holds, to a marked degree, 
the nitn^ennus materials of the mnnui-e, most of which are entirely 
wasted in ordinary practice. This material abould be especially valuable 
for use in cities, and for bedding in dairy barns where odors, all kinds 
of germs, and dirt of all sorts, should he i-educed to the smallest pos- 
sible quantity, if the cleanliness and healthfulnesn, and consequently 
the value of the product aud the health of the stock, and that of the 
patrons, are to l»e regarded. It could also l>c used by lumber companies 
for betiding horses at the camps in winter. 

This form of litter is already in use in some of the large cities along 
the coast. I)eing so highly valued that it is imported from KuroiM-, and 
there seems no reason wh.v large quantities of it should not he used in 
Michigan, where it is an abundant natviral product, now almost entirel.v 
unused, or even wantonly wasted by periodical burning. At the present 
writing, a single establislinieut has put this material upon the market 
in a few places in limited amounts. This is the plant of the Bancroft 
Peat Fuel and Cement (.'ompany, Lt'd., looaled at Bancroft. 

As it appears upon the market, the material is compi-ess<-d in a 
dried state into bales, which umkes it easy to handle and ship. The 
iwat, usually the top layei-s, l>ecause too fibrous and coarse for other 
uses, and the mosses and finer vegetation growing upon them, may l»e 
prepared for litter in any disintegrator or fll)er i»icker. or even in a 
rorn shreddei-. With a baud machine, such as are made in several iiluces 
in Oernmny. by Martin of OITenberg, or Taul Iteuss. Artein, fiermany. 
two men ran pn'i)are several tons of jx'at liller in a day. With a shred- 
ding machine or mill for grinding up turfy peal, and combined with a 
sifting machine to get rid of the fine dust and dirt, the air-dried [x-at 
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of tlie coarse types oould rapidly be i-ediiced to a useful product, which, 
after thorou(;h drying. i»ay be baled like straw. In developing sueh 
machinery or adapting the ordinary farm machinery to these uses, it 
must be borne in mind that the bog i» soft and that proper foundation 
of piles or stone work must be provided if the machinery is heavy and 
is to be placed upon the peat bog; in some of the German peat presses, 
however, the construction is such that no s[H.'cial base or support is re- 
quired and such devices as are necessary can perhaps be deveh)ped here, 
to suit special cases. 

In developing large plauts for this purpose, it is probable that some 
form of dryer might be needed to give opj»ortunity to rim them during 
prolonged wet weather or during the winter. In Europe, many t^-pea 
of dryers have been patented for the drying 'of [wat for various pur- 
poses, some of which are manufactured to order, and some are on the 
market continuously. Of these the i^otary types seem to l)e most in 
favor as doing the work quickly and with economy. In drying the 
peat for this, as well as for other uses, it is well to remember that it 
is uot necessary to get rid of all the moisture, but simply to reduce the 
fiber to the air-dry condition, contniniug from 15 to 20 per cent of 
moisture. If reduced lower than this, the cost is greater in proportion 
and the expense is wasted, sime the material immediately takes up 
from the air sufficient moisture to give it the amount given above. In 
• this coimtry, because of the high cost of lalior. most of the work of 
handling the peat for this as well as other purposes, must l»e done by 
machinery, and before attempting to develop the industry and to estab- 
lish it upon a paying basis, no moi-e pn)fltab!e step can be taken than 
to thoroughly study the practice and machinery which have been de- 
veloped in <ierman.\' and other countries of lOui-oix'. where the matter 
has been under investigation and has long ]>asNed the experimental 
stages of development; after which the markets in this cfmntry need 
to be studied, to see whether they will take the mauufactnred i)roduct 
in quantities which will warrant the erection of a plant. It may be 
said in passing, that some years ago yn attempt was made in New 
Brunswick, where large deposits of nearly pure Hphagnum are foiiiVd, 
to use these for the purposes under discussion, which resulted unsatis- 
factorily. l>ecauBe of the cost of i)roduction of the llnislied product, and 
the limited demand in the available markets, which, in this case, could 
be more cheaply supplied from Europe. The fine residue left after clean- 
ing the peat for coarse litter may be used for fuel or sanitary purposes. 

(2) The same kinds of peat which are used for stable litter, may 
often be used in the barn-yard with excellent results, acting iKith as a 
deodorizer and as an absorl>ent and saving much valuable fertilizing 
material. For this use the i)eat should be taken from the upper layei-s 
of the beds and should be well dried out before drawing, .\fter the 
surface vegetation is removed from the i>ed lo be used in this way, it 
may be plowed with shallow furrows in order to loosen up the fibrous 
l>eat, and then, after hari-owing, the umterial may l>e turned over by a 
hay tedder, until thoroughly dry. The dry material may then be rake<l 
up and slacked, and it will kt>ep dry r<n' a long time, since only the 
outer layers of the stack will l>e wet even during jirolonged rains, or 
it may be cnmiireased and lialed in a hay press, and stored under cover, 

iJry powdery peat is also recommended for use in barn-yards and, 
acts in much the same way as the coarser forms. 
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Peat as a Disinfectant for Farm Use: Id many cases in isolated 
dwellings, the matter of sewage, cess|>oolB and other receptacles of a 
similar nature, is a difBcult one to handle, because of th^ cost of proper 
construction, and often, also, of materials for disinfecting them. The 
results of neglect are often the pollution of the water supply and many 
forms of bacteria! or genu disease, the breeding of fties and mosquitoes 
and various other annoyances and positive dangers. 

Dry, i)owdered i»eat, such as tlie screenings from cleaned peat fiber, 
or ordinary fine peat, either slightly charred, or iu the ordinary air-dry 
state, mixed with 1% of powdered copperas (ferrous sulphate), is a very 
cheap and quite efficient disinfectant and deodorizer for all such places 
and makes the best material known for earth closets, urinals and vaults, 
being light in weight, cheap, odorless itself, very absorbent of both 
liquids and' gases, and antiseptic, and is much more lasting in its effects 
and more easily handled than sand or dry earth, lime or ashes. After 
such use is made of it, it has high fertilizing value, either used directly 
or composted. Many efficient forms of peat closets, urinals, etc., are 
advertised by the European manufacturers of such articles. 

Peat as t'tork Food: At first thought, this would seem to be an 
impossible nse for peat, but in various parts of Euroi>e, especially in 
the regions where beet sugar is made, the molasses is fed to stock and 
sheep, and among other materials which have been used to take up the 
molasses, are peat powder and cleaned fibrous peat, which give the 
molasses body and make it possible for it to be eaten readily by the 
animals to which it is fed. This is not its only function, however, for 
it has been demonstrated, by actual analyses, that the peat has a cer- 
tain food value and that part of it is assimilated by the animal eating 
it, moreover this mixture keeps well and does not ferment so readily as 
does the molasses alone. While such a mixture is not now known to be in 
use in this country, there is no i-eason why in Michigan some* of the 
lighter colored i)^ats should not be tried with success for this purpose, 
in the vicinity of the beet sugar factories, where the molasses may be 
had at a nominal cost. 

For this purpose, also, it would be possible to use' the finer refuse, or 
peat mull, from cleaning the coarser kinds of peat to make peat Aber 
and litter, if there was not too much actual dirt of indigestible kinds 
mixed with it, us would rarely be the case. 

Peat as a Deodorizer and Disinfectant in. Toiims and Cities. 

As has been pointed out in the previous section, peat is a good, cheap, 
and effective deodorizer and disinfectant. In 1880, according to Mac- 
farlane' ])r. Ludwig Mapi>e in Braunschweig, first called the attention 
of the public to the value of peat litter, or '"moss litter,'' as a deodorizer 
and absorbent for use in towns and cities, and a gradually increasing use 
for this material has since grown up. Its use as a public health measure 
has been adopted in sCT'eral towns in fiermany and in Congleton. Chesh- 
ire, England. It has also been used for years in Canada, at Caledonia 
Springs, to deodorize human refuse. The material is excellent for use in 
all places such as public urinals, stables, outhouses and slaughterhouses, 
where easily decomposed, noxious smelling compounds, whether liquid, 
or partly solid, accumulate to become the source of annoyanee, or ac- 

' Hocfarlane, Til. Bulletin 97. Lab. I[iUiid Rev. Dvpt.. Ottawa, Can.. 1904. p. 33. 



298 MICHIGAN SURVEY, 1906. 

tnal danger to public health. One part by iVeight of the peat litter will 
deodorize and -dry at least six parts of mixed excreta, giving a perfectly 
odorless and ingffensive product, which has a relatively high value, as 
compared with stable manure, when used as a fertilizer for all agri- 
cultural crops except those which, like celery, lettuce, and other vege- 
tables eaten raw, for which it should never be used. 

In Montreal, carefully conducted experiments on a large scale by Dr. 
Laberge, using moss litter produced in Welland county. Out., show- 
that 100 pounds of the litter dried and deodorized eight times as much 
excreta from the ordinary privy pits of that city, rendering it entirely 
free from odor, bo much so that a sample of the product was kept in his 
office for a considepable time without attracting attention by any odor.' 

There are many towns in Michigan where sewer systems of the or- 
dinary type are lacking, or are practically impossible, and where the 
pubic health is continually menaced by existing conditions. In most of 
these, the general use of peat litter by the people and by the public 
officials would do away with many of the danger spots, which are now 
the breeding places of disease germs, flies, and vermin, and from which 
epidemics either have already originated or may develop at any time. 
For the use of these towns, local supplies of peat conld easily be utilized, 
the product gathered and compressed under contract by the local health 
authorities, if no one else could be found to attend to the matter. A 
short period of compulsory use, would result, in most cases in the vol- 
untary adoption of the method, just as the establishment of a system 
of sewers often results in the general connection with them, of resi- 
dences along the lines, although compulsory connection at times has to 
be enforced. 

Use in Hospitals: A form of antiseptic and exceedingly absorbent 
dressing for wounds made from peat has been prepared and used in En- 
rope, where its absorptive power was found to be greater than that of cot- 
ton, and even when saturated with blood, showed no signs of decompo- 
sition even when not attended to for several days. Peat dressing was 
reported to be used by the Japanese surgeons during the Japan-Russian 
war, but no description of the preparation or use has been found. Cer- 
tainly however, dried, properly prepared Sphagnum peat, or the dry 
moss, is a clean, very absorbent material and is said to be nearly or 
quite sterile, i. e., free from bacteria of any sort. In actual practice, 
however, since no chances should be taken where wounds are concerned, 
the material should be thoroughly steamed before, use, thus insuring 
the sterilization. In a cotton producing country, it is probably true 
that a long time will pass before sterilized absorbent cotton will be 
superceded by peat dressing. A much more practical, and more valu- 
able use for the coarse kinds of peat litter, properly sorted, for hospitals, 
is its utilization in the manufacture of mattresses and bedding. Here it 
has the advantages given above, viz.; it is very absorbent, a deodorizer 
and disinfectant, is practically sterile and more than all else, for this 
use, it has the advantage of being cheap, so that it may he renewed 
often. In addition it may be said, it is light in weight, is springy, if 
properly cured, and makes a better bed than most of the materials 
now in use for mattress making. The best type of peat for this purpose 
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wootd be the superficial layers of either sedge or rnoae peat, the latter 
probably behig ihe kind to be preferred. Where the material has been 
tried in Europe it is reported to be exceedingly satisfactory, and it is to 
be hoped that wherever beds are needed that have to be changed fre- 
quently, this material will be given a fair and impartial trial. 

Destructive Diatillaticn of Peat. 

Like all other forms of fuel, which are of vegetable origiB, peat ia 
capable of being decomposed into a series of simpler chemical compounds 
when heated in closed receptacles away from the air. Wood and bi- 
tuminous coal are treated in this way on a very extensive scale, the 
main products sought being charcoal, from the wood, and coke, or. in cer- 
tain cases, gas for illuminating and heating, or power, from the coal, 
The general process, known as destructive distillation, consists of heat- 
ing the substances of organic origin in heaps or mounds, covered with 
earth, or some form of vessel or structure, which is so arranged that air 
is entirely excluded, or is allowed to enter only to a very limited extent, 
while means of exit are provided for the gaseous products of the decom- 
position brought about by the heat, either directly to the outside air 
or through tubes, so that the escaping vapors may be cooled, condensed 
and saved, since some of them have commercial- value. The familiar 
charcoal kiln, a dome-shaped brick structure in which wood is stacked 
and a fire started in the staokR, to be controlled by carefully regulated 
draught openings at the bottom, while the gases escape into the air at 
the top, is a crude form of apparatus in which wood is converted into 
charcoal, the gases and other volatile matters being allowed to go to 
waste, except the heavy wood tar, which usually condenses on the inside 
of the kiln. More elaborately and scientifically built charcoal kilns 
are constructed of iron, and are heated from the outside, the gases lib- 
erated being conducted through properly built flues, so that they may be 
saved by condensation and used. If the gases from wood distillation 
are saved, the lightest ones cannot readily be condensed into liquids, but 
as gases they take fire readily and burn with great heat, and may be used 
for illumination, heating or for generating power in gas engines. In 
good practice, in wood and coal distillation, these gases are used either 
to heat the kilns, or retorts, or are burned under boilers to generate 
steam for engines used about the plant, as they are in the best processes 
in coking peat abroad. With these gases comes a series of sub- 
stances which are liquids at ordinary temperatures, chief of wbich, are 
water, various organic acids, wood alcohol, creosote and tar. In the 
same way that wood yields charcoal and these other substances, for 
which thousands of cords of wood involving the stripping of hundreds 
of acres of woodlands annually in Michigan alone, peat may be used as a 
source of practically tbe same series, and, in many cases, to quite as good 
advantage. This is by far the most rational and scientific way of prepar- 
ing peat for use as fuel when it is to be transported for some distance 
from the b(^, especially if the by-products are saved. 

Peat Coke and By-Products: The coke made from peat is jet black, 
firm and hard, has the fibrous or columnar structure of coke made from 
coal, and like it, rings slightly when struck. It is as free from sulphur and 
pbosphoruB as charcoal, all of the sulphur being contained in the ash as 
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sulphates and lias a thermal value of Sbout 7,000 units (from 6,776 to 
7,S00 calories). With less prolonged heuting, subatances less hard and 
flrm, similar to charcoal in eflflciency, are obtained by the destructive 
distillation of peat. 

In Germany, where peat coke is said to hare been used in tlie smelt- 
ing works at Freyburg as early as 1360, and where many unsnocessful 
attempts have been made since that time to develop a commercially snc- 
cessfvil product, the inventions of Ziegler and others have carried the 
process of coking peat beyond the experimental stages, and it is now 
reported by careful students of the subject, to be manufactured on a pay- 
ing basis; such of the coke as is on the market sells readily at from 
^.50 to 112.00 per ton, and is used for copper refining, smelting foundry 
iron and for other metal working processes, but the industry is still in 
too undeveloped a condition to furnish the coke for use in blast fnr- 
naces, although it is in every way as desirable for this purpose as the best 
wood charcoal, 

A sample of peat eoke from fJermany, made by the ^iegler process, 
was recently examined by the writer. It was jet black in color, as hard 
and as firm as a good grade of hardwood charcoal, or possibly even firmer 
than this, and showed the character of tiie peat from which it was made 
so well that it was pwssible to determine this to be of coarse texture, 
chiefly remains of shrubby plants. Apparently the peat had not been 
gronnd or in any way treated, except to rut it from the deposit and dry 
it, before it was coked. The material appeared to have been originally 
like that of the uppermost layers of peat in thousands of acres of Michi- 
gan swamps of a grade most of which would have to be rejected in the 
manufacture of briquetted i>eat fuel, and it would appear that a more 
compact and finer grained peat, coked to the same degree as this sample, 
would yield even a better grade of coke. 

The makers of this peat coke report that it stands the pressure ex- 
erted in blast furnaces better than charcoal, not crushing in an 80-foot 
blast furnace, and equally as well as coke prtMluced from coal. Whether 
this statement applies to the charcoal produced in Europe from the 
softer woods or to that made in this country, as in Michigan, where the 
sound and largest logs of the finest birch and maple timlter are still 
cut up and converted into charcoal, does not appear. The cost of 
production is less than that of charcoal and the actual cost is given in 
another place (page 30(1). 

If such fuel can be made from an inferior grade of peat, at as low a 
cost as quoted, there would seem to be no good reason why the remain- 
ing forest lauds of the state, and e«i)ecially of the Northern Peninsula, 
should be stripped to make charcoal for use in smelting iron, while 
quite as near at hand to the iron mines as the forests are large deposits 
of good peat entirely unutilized. Such utilization of ]>eat would leave the 
vast quantities of timber now fonvertcd into charcoal, to serve as the 
basis for ()ther industries. 

It may also be used anywhei'e and for any purpose where an efficieDt, 
smokeless fuel is required, or in industries where such fuel is necessary 
In domestic use it may be used in base-burner heating stoves, kitchen 
stoves and in other places where chaf<x)al is now used, but will probably 
never successfully compete with anthracite for general use. 

Besides The coke, there are obtained as secondary products, in thisi 
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method of preparing peat, gas, which is used to carry on the process of 
colcing after this ie ouce started, tar, and lighter liquors which yield va- 
rious products on proper treatment, and which nearly if not quite, pay 
for the cost of the whole operation. 

The amount of coke yielded from a given weight of peat ranges from- 
30% to 45%, in round numbers about Mi^ ^^^ varying with the com- 
pactness of the original material and the length and intensity of heating, 
the highest yield being obtained, and the best coke, from artificially com- 
pacted peat. If heated a shorter time, peat charcoal, much less compact 
and more friable, is obtained. 

According to German figures and prices, a metric ton, nearly equal- 
ing the long ton of 2,240 pounds, of dried peat, costing for all charges 
of digging, handling, drying and delivery to the kiln, f 1.19, yields the fol- 
lowing returns: 

Value 
Substances, Amount. (U. S. currency). 

Peat coke 777.6 lbs. J3.75 

Tar 88.2 . .52 

Wood alcohol 13.2 1.00 

Lime acetate 13.2 .17 

Ammonium sulphate 8.8 .21 

Total $5.65 

besides gas in excess of the amount required to dry and coke the peat, 
which may he estimated to be worth for the purposes for which it is used, 
nt least 25% of the value of the coke. No other fuel than this gas is used 
in drying and coking the peat after the process is started. 

Another writer givgs as the results of factory tests the products from 
one ton of peat, as follows : 

Peat coke 700 11m. 

Tar water ' 800 

Tar 80 

Gas 420 (0,650 cu. ft.) 

The tar water yielded : 

Ai-etic acid 12 Iba. 

Wood alcohol 12 

.4nimoniura sulphate 8 

The Ziegler process, which seems to be the most successful of those 
in use in the peat- producing parts of Germany and Russia, is contin- 
uous, and, as pointed out below, self-sustaining. 

The facts regarding this process are largely compiled from data most 
kindly furnished by Dr. Otto Zwingenberger, the representative in 
America of the company controlling the Ziegler patents and inanufac- 
turning the machinery for making coke from peat hy this method. 

The first plant using the process was erected in Oldenburg in 1897, 
and after careful examination by an expert employed for the purpose 
by the Prussian State Department of Trade, on his recommendation, this 
process was adopted for the utilization of extensive peat bogs owned by 
Ihe ProBsian government. 

39 D,9,, zed bv Google 
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A aecond ptaat was tniilt in lOUl id Redkino, for the RuBsian goTem- 
tneot. This plant runs 8 furnaces, each manufacturing 5.000 tona of peat 
coke per year. 

The latest plant to be built is that at Benerberg. South Bavaria 
wliei-e the South Bavarian Coke Works and Mauufa('tor.v of Chemical 
Products Joint Stock Company of Munich, which now controls the 
ZJegler patents, has its headquarters. This new plant has four fiir- 
nacea and is equipped for recovering the by-products from the tar and 
tar water saved from the distillation of the peat, and went into 
operation in 1906. The process used by these establishments consists 
in carbonizing the dried ''machine" or compressed peat in closed retorts 
heated by burning under them the gases liberated from the peat by the 
heat. The peat is cut from the bogs, compacted, and molded into square 
blocks by ordinary peat machines coming out as "machine-peat." It 
has, at this stage, from SO^ to 90% of moisture and is allowed to 
dry in the open air until it contains only about 50% or 60%. After 
this preliminary drying, it is removed to drying chambem, heated by 
the waste heat from the retorts and burning gases from the furnaces, 
and is passed slowly through these and comes out with from 20%. to 
25% of water. From these dryers it is carried to the top of the iron 
retorts of special form by endless _belts, and at regular times is placed 
in these air-tight, vertical receptacles. In this thorough drying to the 
poiut of ct-ispuess, at no expense for fuel, so that it is rapidly carbon- 
ized when placed in the retorts, seems to lie the chief secret of sucoesn 
in the recent process as compared with lilder ones, for when the peat 
was placed wet in the kilns, the water was only driven off with gi-eat 
waste of time, heat, and of fuel, so great that thei-e was no margin of 
profit in the oj>eration. The economy of the Zieglcr method of drying 
the peat, first in the air, and later by waste heat, generated by the com- 
bustion of what would be otherwise waste gases, is apparent when com- 
pared with processes which used separate drying chambers, heated in- 
dependently by the use of costly fuel and allowed the combustible gases 
and other valuable, volatile, but condensible vapors, from the retorts 
to escape into the air, and be wasted. 

The condensible gases are not wasted by this system, hut ai-e con- 
ducted through proper cooling apparatus and then i-edistilled hy the 
use of excess of heat, generated by the process of coking, into a num- 
ber of couimercially valuable products. 

These vary in quantity, according to the thoroughness of the cokiug. 
and the quality of the peat, that with high ash content, givipg a smaller 
per cent of volatile matter than that with low; the coking is carried 
farther with peats with a small per cent of ash than with those with 
a large per cent, the resulting products being sold as No. 1 peat coke — 
that most conipletely coked, and >'o. 2 pent coke or '"half coke." 

No. 1 peat coke is somewhat harder than the half coke, and the latter 
burns somewhat more freely and with a more noticeable flame, and it 
is not so well adapted to metallurgical processes as No. 1 peat coke. 
The peata with high per cent of ash, since this is mineral matter and 
does not volatilize when heated, give a larger per cent of coke, which, 
however, din's not give good heating results, as the ash will not burn. 

The proportionate amounts of the various products obtained by cokiug 
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100 parts of air-dry, 20% to 25% moiBture, machine-peat, are shown in 
the foIlowioR table: 

No. 1 Peat coke. No. 2 Feat coke. 

Peat coke 33.0 per cent. 45.0-50.0 per cent. 

tar 4.5 2.0 

Tar water 40.5 38.0 

Gases L'2.0 ' 150 

Carrj-ing the processes farther to make by-products by redistillation; 

No. 1 Peat eoke 33.0 per cent is untreated. ■ 

Tar 4.5 ■' " properly treated yields 2,0 per cent of light oil,' 

0,7 " " heavyoil.' 

0.3 " " Paraffin. 

1,3 " " Phenolates. 
Tar water 40.5 per cent will give 0,2 " " Asphaltura, 

0,34" " Wood alcohol. 

0,31 " " Ammonium. 
Sulphate 

0,50 " " Acetate of 
. Lime. 

Gases... .22.0 per cent not condensible, but burned under boilers and dryers. 

The per cents of ash and of tar obtained vary according to the quality 
of the peat used. The coke may be increased in quality by using bri- 
quetfed peat. This also giveti the coke somewhat greater density. 

Products from the tar. and the tar itself, are of considerable value 
as preservativefl of wood used for railroad ties, posts, poles, and tim- 
bers for all structural purposes, both when applied as paints externally, 
or when forced into the wood as impregnating substances. The hydro- 
carbons of the oils are of the aromatic series, and from them a series 
of useful chemical compounds can be obtained. 

In regard to the cost of producing peat coke. Dr. Zwingeuberger says: 
"Its price is chea[>er than that of charcoal; by saving the by-products, 
the cost of one ton of peat coke is about $2.00 to |2.15 in running the 
smallest ty]>e of Siiegier plant, containing four ovens, taking in con-' 
siderafion the high wages paid in America, and including depreciation, 
etc. In a larger plant of about 20 ovens, the value of the by-products 
will nearly pay all the expenses and give the coke free." 

Peat coke being cooled in closed receptacles to prevent its taking 
fire, does not contain water, since after cooling it is not absorbent, while 
charcoal sometimes takes up considerable water. 

In Germany, peat coke is used Siiccessfully in several places, among 
whii-h may be mentioned the Krupp-Oruson Works, where it is used in 
the form of a powder for hardening armor plates, and the Bleymueller 
Works at Uteyberg. nenr f^chmalkalden, in a blast furnace, Siemens and 
Halske, Berlin, have found it an excellent raw material for the produc- 
tion of a high grade of calcium carbide. 

In Russia, as noted elsewhere, peat eoke is being used on the govern- 
ment railways as fuel for locomotives. 



Sp. Or. 0.835, May he. use.] for liKtittnB. 

'Sp. Or. 0.838, Hay he used for lubricating oil. 
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The capacity of each furnace, or retort, as at first constructed, was 
about 11,668 poundB of coke, 13,333 pounds of tar water, 1,333 pounds 
of tar, and 7,000 pounds of gas (110,850 cu. ft.) from 33,333 pounds of 
air-dry peat (20% to 25% of moisture) in 24 hours. At the Imperial 
Russian Krons Peat Factory, at Redkiuo. each of the eight retorts 
cokes from 24 to 30 tons of machiue-peat having 25% of water in 24 
hours, a larger output than the above quoted figures show. 

The cost of a four-oven plant, for making peat coke by this process, 
with all. necessary machinery for cutting, drying and handling the peat, 
and the apparatus for making the by-products from the waste liquors, 
was given Jn 1903 to be |95,200. Such a plant was estimated to handle 
15.000 tons of dry peat per year, from which products could be made, 
which would sell at the wholesale market prices of that time, in Ger- 
many, for about JllT.SOO, nearly one-half of which, after deducting 
all expenses for the cost of peat, handling, labor and wear of plant, 
repairs, etc., should be profit. 

Another set of figures obtained from Hon. J. M. Longyear, who had 
them from J. J. Hill, gives the follbwing as the cost of a peat coking 
plant, German process: 

Two peat coke ovens, capacity 30 tons air-dry peat, 
each yielding 10 tons of >'o. 1 coke or 13.5 tons 

of No. 2 coke per (24 hours) day |20,000 

Drying and other machinery 8,000 

Apparatus for distilling tar water 7,000 

Total ?35,000 

A plant of 10 ovens, with a capacity of about 100 tons of No. 1 coke 
per day can be had for $175,000. and the estimated cost of a second 
plant after the first is constructed is 25% less than this. 

So far as known there are no peat coke plants in this country which 
are producing the material in such quantities that it is sold in the open 
market. 

Peat coke was also made in Norway for several years by the use of 
electrically heated retorts, the electricity being generated by water 
power, the plant using the Jebsen process, which produces a dense, very 
compact coke, showing the structure of the peat, having a specific grav- 
ity of 0.3 in broken condition. Its heating value is about that reported 
for that made by the Ziegler process. It is reported that it burns well, 
and gives but little soot and ash. and clinker is small in quantity and 
does not clog the fire as does that of ordinary coal and of lignite. 

This process involves the partial dryini; and pressing the peat into 
blocks 30 inches long, by 3 inches square on the ends. The blocks are 
turned out at the rate of 2,500 ijer hour and loaded on specially designed 
carriages with shelves, which are then run into the cool end of a drying 
tunnel, which is heated by the waste gases from the retorts. At the 
entrance end, the temperature is about 50' C, while at the exit end, it 
is from 90° to 100^ C, the air being driven through the tunnels by 
electric fans. From the drying tunnel, the peat is taken to the retorts, 
which are vertical and are about 6 feet high by 3 feet in diameter, each 
with a cover above, and a discharging hole below, and each is also pro- 
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vided with pipes for the escape of the gas and with a pressure gaufje. 
After charging with the dry blocks, the top cover is clamped down and 
the current turned on and the peat is carbonized. When the heating is 
completed, the retort is allowed to cool to 130° C after which the coke 
is discharged directly into cars on tracks below the retorts. The aver- 
age yield of air-dried peat by this process was given as: 

Peat coke 33% 

Tar : 4 

Tar water 40 

Gas 23 

The coke was said to find ready sale in near-by towns, and the plant 
had been running three years when described in 1902, but was closed 
later for lack of financial support. 

Analyses of peat coke made by the Jebscn process, reported by the 
Royal Norwegian High School in Christiania gave the following as the 
average composition : 

Carbon 76.91% 

Hydrogen 4.64 

Oxygen ' 8.15 

Nitrogen 1.78 

Sulphur 0.70 

Ash 3.00 

Moisture 4.82 

100.00% 

Another electric process has been devised in England, but so far as 
kuown. it had not passed beyond the experimental stages. 

Peat Otts: Because of the undccomi>oscd condition of the vegetable 
matter of peat and the large amount of volatile matter which it con- 
tains, it is not remarkable that it should have been used often, in an 
experimental way, as a source of gas for various purposes, but in 
northern Europe, especially in Sweden, the use of the gas for heating 
and lighting has gone beyond the experimental stages and has reached 
the stage of commercial success. 

In considering the methods of making peat coke just descrilied, the 
value of the gases developed in the destructive distillation of the peat 
has been dwelt upon at length. This gas is reported by those who have 
used it to be a better illuminant than coal gas, to be more easily pro- 
duced, with siurpler apparatus, to be more easily purified than coal gas, 
and that the yield per ton of the dried material is greater. This last 
statement is probably true, because of the less complete decomposition 
of the peat as compared with coal, which makes it relatively high in 
gases. On the other hand it must be rememlwred that the peat, with 
90% of water, has to be dried, by some process before gas can be made 
from it, and that it is only by using the least expensive process to ac- 
complish this that peat gas can he made economically upon a commercial 
basis. 

The quantity of gas obtained in Sweden from a metric ton (2,204 
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lbs.) of peat having 8.6%, or more, of ash and high ii.vdroscopic moiBtiire 
coQtent is given b.v Dal as 2,520 cu. meters or 80,000 eu, ft. This gas, 
however, is more than half its volume Nitrogen, as shown by the ac- 
companying analysis: 

Per rent of volume. 

, CO : 0.0 

CO 26. 

C.H^ 0.5 



N 53.7 

Better grades of peat jield a larger vo,lume of fuel gases. The amount 
of gas yielded by English cannel coalg per ton, is indicated in the fol- 
lowing table : 

Newcastle cannel 9,883 cu. ft. 

Wigan cannel 10,850 

Boghead cannel 13,334 

while a ton of j>eat by the Ziegler process only Rives 6,650 en. ft., which, 
considering that the jieat has 20 to 25% of nioistni-e at the start 
and costs, at the bog, a little less than a third as much as the coal, 
really gives the peat the advantage, especially since the peat coke 
will command a much higher price than gas coke, on account of its 
freedom from sulphur and other objeefiouable matter. 

The gr<'at efficiency of gas engines of the explosive tyjjes, the rapid 
increase in size and the very material increase in the use of these, in 
many places where steam engines have, until recently, held the entire 
field, opens up an important field for the use of easily ignited gases; 
this has resulted in a demand for cheap and efficient gas generating 
machines, wliich will furnish gas at a lower price than it is furnished 
by the large private or public companies which manufacture coal gas. 
or which can be used where no public plants are in use. This demand 
has been met by a large number of gas generators of small size, designed 
to be used in connection with gas engines, to utilize poor grades of 
coal, some of which are very successful, and it would seem that special 
forms of these could be developed, in which the gas could l>e generated 
from air-dried peat, and thus work up an important field of use for 
this fuel. By those who have experimented with it in this direction, 
peat gas is said to be particularly adapted for use in gas engines, and 
the only phases of development lacking are the proper forms of genera- 
tor for making the gas and an asaiu'cd and constant supply of prepared 
I>eat which consumeifi can get as nee<lcd. 

In still another way may peat gas be utilized on a large scale, as 
suggested in another place. That is by building large gas generating 
]>lants, with proper equipment for utilizing all gaseous by-products, at 
the margin of large i)eat bogs and ])iping the gas to centers of consump- 
tion. This would reduce the cost of manufacture, by doing away with 
the transportation chains on the crude fuel, and would be no more 
difficult to bring about than piping oil or natural gas long distances. 
That peat gas is being considered as a possible cheap fuel and ia likely 
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to be utilized before long, is indicated b,v the recent (June, 1906) news- 
paper notice of a project for the establiahinent of a plant for produc- 
ing the gas near Ogdeneburg, N. Y... and utiliisiDg it in the manufacture 
of steel. In developing this, as" well as other phases of utilization of 
peat, a thorough investigation of European experiments and established 
plants is recommended. It is worth noting here that there are large 
quantities of peat near the Lake Superior iron mines, which might be 
utilized in the production of charcoal iron and for furnishing power 
cither sfeam, compressed air, gas or electric for developing and operat- 
ing the mines. 

Paper Pulp, Paper and Cardhoartl. 

One of the more recent uses to which certain gi-ades of peat have been 
put, is the manufacture of paper pulp and various grades of paper. 
This is of interest in this region because of the establishment of a 
plant in Michigan, near Capac, for the purpose of making |teat into 
paper, which, in this case, is i-eported to be iised for building purposes. 

The chief advantage in the use of peat for paper stock is its cheap- 
ness of material, particularly as the prices of other sorts of material 
and especially wood pulp are constantly increasing, as the wood supply 
becomes more and more depleted. In one of the processes for making 
paper from peat, the Zschoerner process, the peat is placed in a disin- 
tegrator, where it is treated with alkalies in dilute solution and at low 
temperature, but high pressure, until some of the vegetable and earthy 
matters are extracted from tiie fibrous material. This fiber is then 
oxidized, bleached and washed to further clean it, and again subjected 
to cold, dilute alkali solution under high pressure to get rid of the re- 
mainder of the soluble mineral matter, after which it is thoroughly 
washed, when it is ready for use. This bleached material may be used 
by itself, or mixed with other paper stock to make nearly any grade 
of paper in ordinary use, as the fiber thus obtained is strong and durable. 
In making the coarser grades of paper and pulp board, less care is 
taken to cleanse the fiber of all coloring and foreign matter. 
/" The type of peat l)est adapted to this use is undoubtedly that made 
by grasses and sedges, since these plants furnish the most fibrous ma- 
terial in stems, leaves and root-stocks. In prospecting i)eat deposits 
for this use. cai'e should be taken to find the depth and amount of 
fibrous layers and to avoid the filled lake basins, nnless of large extent, 
as usually these have only a shallow, surface layer of nmterial suitable 
for the purpose, while thinner, built-up deposits, may have practically 
the entire depth of more or less coarse, poorly decomposed, fibrous peat. 
These will be found in shallow basins and on ten-aces, and may. at 
present, be covered by tree or shrubby growth, or by moss. JIoss peat, 
despite ninny statements to the contrary, contains no stroijg fibers what- 
ever, except those produced by other plants, such as the sedges, which 
may grow with the moss as associates. 

There were already in operation, in ISO!), in Kurope, several factories 
which produced large quantities of all kinds of paper, with peat as 
the source of most of the fiber, and these were reported as paying in- 
stitutions. On the other hand, there are serious drawbacks to the 
economical use of peat in paper making, which may be summed up as 
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follows: It ia difficult to get rid of tlie dirt and waste; the peat is 
uneven in structure and in texture and often lacks sufficient of the 
stronger fibers, so that much other material has to be mixed with the 
peat stock to make paper sufficientl.v strong even for wrapping paper, 
so that it is reported that there is little peat paper on the European mar- 
kets which is more than 75% peat ; the peat pulp cannot be bleached to 
whiteness, bo that only brown papers can be made, except in rare in- 
stances, hence the principal product of the European industry has been 
wrapping paper. 

Pasteboard made of 40%. of peat fiber and 00% of wood shavin{;s is a 
standard product, both in Germanv and in Sweden, and is said to be 
cheaper, lighter, stronger, and better than pasteboard made in the or- 
dinary way. 

Aside from the factories reported in Germany peat paper has been 
made in England, Ireland aud Austria, as well as in the northern Euro- 
pean countries, but with what financial success is not reported. 

The plant of the American Peat and Fuel Company at Capac in this 
state, was leased in 1905 for two years, and has since been sold, to 
the I'ilgrim Paper Company of Kew York, organized for the purpose 
of manufacturing and selling card-board, billboard, feather-board, 
paper, and other products from peat under Austrian patents. The ma- 
terials in the extensive hog owned by the company, had been carefully 
tested in the home factory of the company's process at Aduiont, Aus- 
tria, and later at Capac, and produced highly satisfactory results, and 
the company is convinced that the processes iiave passed the experi- 
mental stage, and are confident of the success of their enterprise, for 
which the Capac peat bog is peculiarly adapted, having been built up, 
by successive elevation of water level, from the bottom, and hence has 
much coarse material at various depths. 

Similar, to a heavy paper, is the material known as "Heioxyle." made 
by compressing and hardening peat fiber, by a special process, into 
sheets, tiles and blocks for various building purposes. The sheets are 
iised for lining walls, floors and other parts of buildings, or as flooring. 
The material is about as light and firm as good cork and is as im- 
pervious to moisture, as well as a good non-conductor of sound, heat, 
and vibration; when impregnated with some mineral substances, it is 
nearly fire-proof, all of which properties make it very desirable for 
use in dwellings and buildings, where protection is desired against 
noise and jar. It is one of the cheapest of all building materials in 
Germany and is easily nailed or glued, takes paint well, is light, clean 
and easy to handle, and hence is very desirable as a structural material. 
Other types of sheathing and builders' paiwr are discussed below. 

Worm Fabrics from Peat. 

By a course of treatment which separates and cleanses the fibrous parts 
of jK'at, and renders them pliable, they have been made into fabrics of 
various kinds, so that ooats, hats, carpets, rugs, mattings and blankets 
have been manufactured from them and have proven quite durable. 
The most successful use of these fabrics lias been in the form of blankets 
and other coverings for horses and cattle and for this use they are said 
to excel in warmth, durability, absorbent power and cleanliness. 
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Packing Material. 

Teat litter has long been used, when properly cleaned, as packing 
material in shipping various breakable articles and those which perish 
easily, such as bulba, fruit and living plants, by freight. For these 
purposes, the upper layers of moes peat are most desirable, and consider- 
able quantities of this material are nsed yearly by florists and nuraerv- 
luen, whore they can readily get it, No industry has been developed, but 
a small business to supply the demand of the florists and nurserymen of 
the state and surrounding region, might be built up by someone to whom 
a moss covered bog of suflicient extent was accessible. The moss would best 
be compressed and baled for this purpose. Peat might also be used to 
pack fruits and vegetables to keej) them fresh for winter use, as this 
material has many advantages over sand, the material generally used 
for the purpose. It is also suggested that it would be a desirable sub- 
stance in which to pack eggs to preserve them. 

Roofing and Sheathing Papers. 

As has been mentioned, the extensive peat bog near Capac has been 
sold to a company which proposes to manufacture, among other prod- 
ucts, a kind of builders' paper from the peat. The coarse-flbei-ed neat is 
well adapted to this use, as well as the making of such material as 
"Heloxyle" mentioned above as a valuable building material. Coarse, 
felted material should also be easily made from the cleansed 'flber, 
which would be an excellent non-conductor of heat for sheathing build- 
ings. The paper thus prepared could also be i-endered waterproof by 
soaking it in tar obtained by distillation of j>cat. Tiie coarser, more 
flbrous parts of moss peat could be uwd, as is the marine plant known as 
"Eel Grass," which is spread in a thin layer between sheets of heavy 
paper and held in place by stitching through the paper. This material is 
used in the better classes of buildings, for sheathing paper. 

Non-Conducting Pacling Material. 

Still another use has been made of both the fibrous peats and the 
finer grained, powdery types, as non-conducting filling or packing. This 
material is an excellent non-conductor of heat and sound, and has been 
used as such in Europe, The moss types make light, inodorous, sanitary 
and effective packing for use between the walls in refrigerators, ice 
houses, for packing ice, and to put between the walls of dwelling 
houses, and between floors and partitions to deaden sound. The same 
material would also be exceptionally valuable in the construction of the 
BO-called caloric cookers. If used in connection with some mineral 
substances, which would reduce its infiammahility. it would make very 
desirable felted covering for steam pipes, and could in any case be used 
to protect those buried in the ground from loss of heat, and also water 
pipes to keep them from freezing, for which use the cheapness and the 
durability as well as the porosity of the material would make it espe- 
cially desirable. 
40 
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Paring and Building Blocks. 

Blocks of material for special uses made from jteat, Iit special proc- 
esses, besides tlie one nientioncd as "Heloxvle." have been made in 
larger or smaller (|uantit:ies from time to time, among vhich mav be 
mentioned imitation terra cotia building material and paving blocks. 
The Intter verv as firm and hard as wood and were impregnated and 
t'overed with tar made also from {leat. If a proper binding material 
eonid be found, there seems no i-eason why a very serviceable and dur- 
able, noiseless paving block for residence streets conld not he made 
from some of the more compact peats, and one that noutd be cheap 
as well. 

Peat as a ifuun-r uf Kkctricat Energy-. 

As shown in another chapter it has been proposed by a European 
engineer to establish near, or at. large peat U^. electric power plants, 
at which the peat can be used for fuel in the air dry condition.- withoat 
briqnetting. thus saving not only the cost of transiwrting the fuel, but 
other costs as well. The power thus generated can be transported consid- 
erable distances without great loss, as is well known, and if the plan 
were adopted generally would result in many Im^s being ntilized. which 
cannot now be considered, since they are remote from means of trans- 
portation. Xo snch plan as the one proposed has yet been put in op- 
eration, but. as indicated elsewhere, ii seems worth trying in certain 
parts of Michigan, where large areas of peat are within reaching dis- 
tam-e for the transmission of eWtr icily, of g*>od sized towns and citieB. 

Pe-it D lic- 
it is well known that water flt-wing from peat bogs is much browner 
than that which Hows only through or over mineral-soil, and that sacfa 
water gives a well markeil and tuiite durable stain to white snhstances 
coming into oontai't with it. Advantage has been taken of this fact to 
extract the coloring matter fmm |»';it. and by proper treatment, a 
rich brown dye has Ite-.'u obtainod whii-h is re[torted to be very pleas- 
ing and esiH'jit ion ally durable ami um-hanging. 

Thr r>- ,.f p,„t in fhr I nf'ii. *''•;• prr,thtrt<-.n uf yitml'*. 

In the Kx|>eriinent Station Ri'-oni. XVfll, ."i. i-lan.. IWTt is an 
iTbstr.ict of a rci-eiit pajH'r by Muntz and I^ine, published in t'ompt, 
Ken-I. .\i'ad, S.'i., in whiih es]n-r;:iienis are reii">rteii which promise 
to cive new and ;uf<I«l iTiiiHirtaiu-e to the [»-at dc(>osils of the world. 
siiKt* tlie a'lih.irs show tliat ihcs.- dt'[»»sits may be made factors in 
the pr-Mlu.'tion of nitrates. Tl-e nitnites are aiiK-na the mi*si ex()ensive 
am! H'ust iaiiMTiant of the ■niistirufiits of ft-riili/ers, being of limiretl 
naniral i»-iurii'ti'V. an<i havru^ vi-ry important fonunen-ial nses aside 
fniT'i the dciiiami for aCTi'-uinirnl jmri i>ses. 

The t'\ye!-iT!iti!rs n'p'Tt.ii sIimw t(i;il "n !i.-n a ».1~> i>er cent solntion 
of Amniiiiiii!"i s'i'i.l'.a'e is fa-i-ii'd tiv.-i- .-i i-at l""! impregmitetl with 
niirifyin:: oi-^ani^n:-*, it f».-iif,.-i i'li.'ru-d w'th uiiratt's to the extent of 
i>>-_' }¥T (Viu. T'l;* .an !«■ in. n-a^-l tn 4.17 per .vni by atlding a for- 
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ttipr qiiantit^v of Amiiioniiiiii snlplmto to the sohition and iigain sub- 
jecting it to tlifl nitrifying action, the operation being repeated 5 times. 
The most snitable temperature for the n-action in W ('. f86^ F.), 
;md the fuel neoesBarv for maintaining tlu» temi)epatHn' in afforded 
ht the air-dried peat. Farther the nitrogen contained in the ]>eat, ' 
which amonnts to 2 to ;{ per cent, can !«■ obtained in tlie form »t Am- 
monia to tlie extent of 1.79 to l,fil2 per cent by dititilling the peat in 
superlieated steam, the other products of the dintillation (hydro-cnr- 
ImnR. water-gas. tar, etc. I, forminj; tlie fnel I'equii-ed for the oiwration. 

"Pf'at, therefore, is singnlarly well adapted for the intensive produc- 
tion of nitrates, since it forms an excellent niedinm for the growth of 
the organisms, supplies the fnels necessary for the various ojierations. 
and finally supplies the ammonia i-equired for the prodnction of 
nitrates." 

The inmiense consumption of clieniical fertilizers in this state, the 
very considerable manufacture of these in Michigan from imported 
nitrales and the great extent of the peat dejiosits throughout the state, 
suggest the importance of investigating this method of intensive produc- 
tion of nitrates from peat to determine' whether it is not applicable, 
upon a commercial basis, to American conditions. The great develop- 
ment of chemical manufacture based on the salt deposits of Michigan, 
in the not distant future, may be equaled by a similar development 
based upon the i>eat deposits, to the great advantage of all agricultural 
interests, of the chemical manufacturing industry, and of the promoters 
as well. 

THE TSK OF PEAT AS FFEI.. 

Hintoiical: 'ilie use of i>eat as fuel in Germany goes t>ack Iteynnd the 
historical period into the time of ihe semi-savage stage of the early 
tribes, and I'liny, the Komnn naturalist, tells us that the Teutons on the 
borders of the North Kea dried and burned "mud," or, as we would call 
it now, i»eat. In Ii-eland, (iveat Britain, Kussin, Scandinavia, parts of 
France and the Netherlands, there has not l)eeu a time within the his- 
torical period, when the use of peat for fuel has not lieen a general 
practice among the common j>eople, who still cut it from the Iwg in 
the form of long rough bricks or "so<ls,'' drain and dry it on the surface 
of the bog in the sun and wind and stack it, much as the American 
■ farmer piles his cjit wood. 

In Ireland and parts of Germany and Holland the use of peat is well 
nigh universal among the poorer ijeople, and in other countries of 
Kuroj)* it is extensively used for cooking and other domestic jmrposes. 
This is due to several causes, among which the scarcity and high prices 
of wood and coal, and the great abundance <if peat bogs and the large 
aggregate area covei-ed by them in the countries of Northern Kurope, 
(iermany alone having an area of al)out 11.001) square miles of peat 
moors, while (Jreat Hritain has moi-e than :{.000,0()l) acres and Ii-eland 
an equal extent, or alwnt one-seventh of ils entiiv area coveretl by bogs. 
The most widespi-ead use for domestic purposes was pn»bably in the 
18th century', after the forests wei-e so dejdeled. that w(H>d whs no 
longer easily obtainable by the t-onuiion i)eoi»le, and befoi-e coal had 
come into use. 

While this general use of ((eat by the jieople for domeatitr purposes 
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has gone on century after century, there waa little attempt to increase 
its efficiency as fuel, or to' improve the methods of gathering it, ex- 
cept some simple attempte at compacting the coarser types by kneading 
with the feet, grinding in sniatl mills, etc., until within a hundred years 
•or so when various forms of machinery were introduced to assist in cut- 
ting the peat and getting it out from the boga more quickly and less la- 
boriously than by cutting it out by hand with a narrow spade or slane. 
as it is called, and which is still the most common and perhaps the 
most efficient tool for the purpose. 

Mucii later, after the need for cheap and abundant fuel for use in gen- 
erating steam for manufacturing purposes began to be felt, as the 
prices of wood and coal advanced, machines began to be built in (Germany 
and other parts of Europe where peat was abundant, for the puppoees 
of increasing the output, of reducing the bulk of the finished product, 
and at the same time of making it more clean to handle, more easy to 
transport and more efficient as fuel. 

A pioneer in the invention of machinery and processes for making 
compressed j>eat in Northern Europe, seems to have been llr. C. Schlick- 
eysen of Kixdorf near Berlin, His first two machines were of verti- 
cal construction and were built in 1859, for a steam peat-compressing 
plant near Riga, Kussia, where they worked satisfactorily for many 
years, turning out daily about SO.WjO pieces of wet. compressed peat, 
which, after drying, were used as smokeless fuel in a large cloth factory 
at thaf place. Since that time, many improvements have been made by 
this and other manufacturers, both in the types of machinery and meth- 
ods of work, to try to improve and cheapen the product, and to substitute 
automatic machines for hand labor, until a very satisfactory product 
in the form of compressed peat blocks and efficient machines for making 
them, are the results. 

A much more recent development and one which seems to be con- 
sidered by all experts in the question of fuel, jMrhaps the most important 
advance yet nmde in the utilization of peat, as it ia^ the most scien- 
tific and theoretically correct, is the working out 6i good processes 
for coking peat and converting it into a compact, hard and very efficient 
and desirable fuel. This kind of process for the purpose has been sought 
for many years and seems now to have been found, as is pointed out in 
another place (p. ^01) and the mittter needs no further elaboration hei*e. 

Another recently used method of inci-easing the efficiency, of pent 
for fuel, has been brought about by the development of machinery for 
converting otiier fuels, such as coal slack and other waste of coal mines, 
lignite, etc., into briqViettes. The process consists of compi-essing the fuel, 
either with or without a binding material, in specially built presses, 
capable of exerting great ])ressure, which shape it into cylindrical, 
rounded or prismatic briquettes of great firmness and hardness. In 
some of these processes the peat is mixed with other combustibles, in 
others, it is briquetled without mixfui-e. 

Parallel with the development of these processes in Germany, have 
gone similar ones in England. Kussia. Xorway, Sweden, Austria and the 
Xethej'Innds. hut (Sermany has led the way, and it ia there that the 
most modern and scientific methods and machinery for the manufacture 
of peat intii efficient fuel have been worked out. In fact, there has 
been much labor and a great amount of capital used up in various 
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iinsuccesflfnl procpsses of liandtin]; peat in Gerniany, and no better 
step could be taken hy the would-lie inventor of new and especially 
desirable processes of converting peat into first rate, cheap fuel, than 
to make a thorough study of the history of Oerman inventions and ex- 
[jeriments in this direction, for it would doubtless save him much time 
and trouble as well as much money and disappointment. 

Vsc hi America: In America, with its great stores of fuel, in the 
form of wood, and the various types of coal, widely distributed, cheap 
and abundant, the history of the use of peat is very brief. It was used 
in parts of New England by early settlers from peat-using stocks, and in 
the rejjion of Cape Cod and the adjacent islands in Massachusetts, 
where the original forests were poor and soon destroyed, the use of peat, 
taken from the numerous bogs of the region, has, according to Shaler' 
l)een general and continues until the present time. In other parts 
of Xew England, its use was discontinued years ago. In the latter part 
of the 19th century some peat fuel was manufactured at Lexington, 
Mass., by T. H. Leavitt, but no general use of it has been made in any 
part of the country, except this, so far as is known, and it was not until 
the great coal miners' strike of the winter of 190203 created a widespread 
interest in the possibility of utilizing the extensive deposits of various 
kinds of peat known to "exist in the northern parts of the United States, 
that the public took much notice of it. 

Use ill Canoiia: In Canada, the history is slightly different, though 
tiiniilar. There, the deposits are more extensive, than in most parts 6f the 
United States, are easily accessible and the land was settled from the 
more northern parts of Europe, and e8i)ecially from Scotland, Ireland and 
fierniany,«by people who were used to gathering and using peat for fuel. 
These facts, taken in connection with remoteness from coal supplies, un- 
doubtedly led to a more extensive and earlier use of peat for fuel than 
in this country, so that in the early sixties, there Was a small output of 
machine-made peat, and a little later, carbonized pressed peat, was 
placed on the market and tested by manufacturers and railroads. This 
was followed by a slow development of briquetting machinery, until sev- 
eral plants were established to make peat briquettes, none of which were 
successful in getting a good product from the process used, that of air 
drying, grinding and pressing the peat, and after a season or two of 
attempts, were abandoned. The next series of attempts were made in 
the direction of pressing the peat after it had been dried by artificial 
heat, and in 1002 several establishments in Ontario were operating, and 
with more or less success, were supplying local markets with briquettes 
made by mollifications of this process. The whole development, in- 
cluding descriptiqns of bogs, processes and machinery is fully described 
in Bulletin Xo. 5, of the Ontario Bureau of Mines, and in a later report 
by the same bureau.* 

Use in MichAgan: In Michigan, since'it was, to a large extent settled 
as was Canada, by people from the countries of Northern Europe, it is 
probable that there was some use of peat by individuals, especially in the 
German and Hollander settlements, but the great amount of wood, and 
its cheapness for fuel, together with the immense quantities of waste 

■Shaler. N. S. PPul DepOHltR. leili Ann. Bop.. U. S. G, S., Van IV. 18H-S, p. 300. 
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mill wood, and drift, or flood wood from the atreama on which lum- 
bering, or river driving operations, were l>eing conducted, in the earlier 
davs. and later, the development of the Michigan coal fields, and the 
close proximity to those of Ohio, all tended to make the nae of peat nn- 
necessarv, and it was onl.v a short time ago, that the possibilities of utiliz- 
ing llie great areas of peat in the state, attracted general attention. The 
past five years, however, have seen a marked change in the attitude of cap- 
italists, owners of Ix^^ and the citizens of the state in this matter and a 
widespread interest, due partly to the risin^r price of wood and coal, and 
partly to the constant discussion of the value of peat fuel in the public 
prints, as well as the eft'ects of the coal famine already referred to. tiaa 
been aroused and there are few of the citizens of the state who would 
not now.l)e glad of the opportunity to test the new fuel, if it could be 
had. Within the period named, there has been an attempt on the part 
of capitalists to meet this demand for peat fuel and a considerable 
number of plants have been built in the various parts of the Southern 
Peninsula and have put out small quantities of finished product, which 
have found a ready market, and at present writing it appears possible 
that before lonfj a flourishing industry based upon the iitili7jition of this 
great natural resource of stored fuel may be built up. Michigan has 
abundant and good peat deposits, and all that is needed to make them 
useful is honest, intelligent, carefully planned exploitation. 

Descriptiie. 

Because of its diversified origin and the very different condi 
tions lo which individual deposits have IxM-n subjected, yeat is en- 
tirely lacking in uniformity of- structure, is of very unequal fuel value, 
and varies greatly in texture and color, not only in different bogs, but 
in parts of the same bog. These peculiarities are discussed at length 
elsewhere and are due to diffei-ences in the age of the deposits, in the form 
of basin in which they lie. the kinds- of impurities present, the amount 
of oxidation and decomposition, the kind (»f plants from which the peat 
is formed, and other nioiv or less important factors. 

Tlie chief kinds, as discussed by nioBt writei-s. arc given as those which 
are light brown in color, coarse in texture, and low in specific gravity; 
those which ai-e dark brown in color, dense and fine grained in texture 
and comparatively heavy; and those which are intermediate in charac- 
ters. To these should lie added the light colored and very fine grained 
tyiM-s, which have been described as formed by the alga- in the bogs of 
Northern Michigan (p. -247) and thci-e are all sorts of intergi-a da tions 
between these various forms. In Michigan, in the deposits of the lake 
basin type, it is not infrequent to have the light colored, coarse t.^-pe, 
end abruptly, and pass without gi'adationa into the dark colored, compact 
variety, while in other cases the deposit may pass gradually from one 
kind to the other. It is therefore very diflicult to secure a product from 
peat which shall have uniformity of structure, of cohesiveness or of fuel 
value, and inqwssible to do su unless artificial means are employed to 
insure this. 

These i>liysical characters have to Ik" considered when the problem of 
preiiaration for market is being worked out. whether for individual bogs, 
or for general application, especially since all of the methods now in 
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nee, depend, niore or leea, upon compression auA moldinj; into some form 
of rather small bloi-ks, which must tal;e and hold their shape readily, 
and not disiatefcrate too easily when handled or burned. 

It is manifest that the coarser types, or those of coarse and fine ma- 
terial mixed, will retain more moisture and air and be slower about 
drying, than the others and will thus 1k^ less satisfactory for making 
briquettes without some treatment before tliey are compressed. Such 
treatment of the coarser kinds is usually given in the form of grinding or 
kneading, or often a combination of the two, by the use of mills and 
toothed and smooth rollers. This treatment breaks up the coarse frag- 
ments, works out a large part of the iucluded gases and air, and some 
of the water held by the various constituents, thus making the whole mass 
aniform in texture and i-educing the bulk; for some processes of prepa- 
ration, the finely divided kinds do not need such preliminary treatment 
so niQcti as coarser ones, but in practice, it is usual to give all the same 
preparation in order that any coarse material mixed in with the fine 
may be broken up. In making machine-compressed blocks,- the finer 
grained types of plastic peats need very little grinding or kneading, for 
they are homogeneons and compact already, but the coarser varieties need 
a good deal of preliminary treatment before they make a satisfactory 
product by such proccM. 

In Southern Michigan, and less frequently north, there are quite exten- 
sive areas of the dark colored, often nearly black peat, which is sufficiently 
plastic so that it can be molded when wet, and which holds its form when 
dry. In the dry state it becomes almost as black and hard as coal; sach 
material would nof be greatly improved by being pressed through a mill, 
but would have to be crushed, if it were first dried and then pressed into 
briquettes. 

Tlie lighter colored and coarser types would need thorough grind- 
ing and much working over, before being put to any use, and it is often 
difficult to make them sufficiently plastic and cohesive to form good 
blocks even when they are molded wet. Certain components of this kind 
of peat, notably the grass and sedge leaves, may be sufficiently abundant 
and 80 poorly decomposed that they clog the rolls of the grinding 
mills and cause much trouble in handling. When grotind, dried, and 
formed into briquefles by pressure, peats of this kind are full of irregular 
flat particles of sedge leaves, which arrange themselves with their long 
axes at right angles to the length of the block and thus develop cleavage 
planes in the briquettes, which cause them to exfoliate when burned, 
thus reducing the efficiency of the fuel, and to split away readily when 
handled, hence they do not bear transportation well. 

Prospecting Methods. 

In the first examination of marshes, swamps, or bogs, for peat, at- 
tention should be given to the following matters and notes should be 
made regarding them: (1) The exact location by Township, Range and 
Sections; (2) The distance from the nearest transportation lines; (3) 
The approximate area of the surface of the peaty tract and character of 
the surrounding lands; (4) The kind of plant growth on the surface of 
the area, whether grasses, (or sedges), shrubs and mosses, or trees. If 
the latter, the kinds and size. If the trees have been cleared off or burned 
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off, this should be noted, with the kinds taken off. if this can be 
determined. (5) The possibilities of drainage, streams through the 
bog or near by. It should be remembered that as peat is draiued. the 
surface slopes in the direction of the main ditches, so that a certain 
amount of fall can be made by draining. (6) The depth of the surface 
layers. to good peat, and of the whole deposit, should be tested in a few 
places, for even if of larpe extent, a very shallow bog is not worth much 
for fuel purposes. (7) The amount of decomposition of the lower layers 
below the surface litter, and its color and plasticity should be noted. 
It is usually true that the deej^er parts of the bed are formed from dif- 
ferent plants than are the top layers. Those facts should be noted regard- 
ing every bog or marsh visited, whether any other work is done upon them 
or not. It is highly important also, in the more thorough preliminary 
investigation of a peat deposit, to find out, not only about the depth and 
eatent of the beds and their purity, and the heating qualities of the peat, 
but to consider also the plasticity, the mechanical texture, the degree of 
decomposition, and the uniformity of the various beds at different depths 
beliiw the surface. To do this thoroughly is no simple matter, and is 
often expensive, but the Gxjjenpe is slight compared with that caused by 
too hastily making the assumption that a peat deposit is available for use 
and establishing a plant upon it, and then finding that a marketable 
product cannot profitably be made from the peat. 

Tools for Prospecting: In making the first prospecting examination 
of a deposit, the usual tool which is used is a long iron rod made of gas 
pipe, cut into convenient lengths, and provided with ordinary couplings, 
or unions, for screwing these together. The size of tlie pipes is a matter 
of some importance, since if too large it is very heavy to carry, and if too 
small it bends and breaks easily where the threads for the couplings are 
cut. Probably for practical work nothing smaller than % inch pipe 
should be used, except for light reconnaisance work, in which hut few 
tests have to be made. For convenience in carrying, the lengths of pipe 
ought not to be greater than four feet, and in order that the couplings 
shall not work loose too easily, it is well to have each one pinned to one 
end of a length of pipe, so that the pipe and noCthe coupling will unscrew. 
The threads in the pipe should always be cut carefully and fit the coup- 
lings as perfectly as possible, and yet bo neither too tight nor too loose. If 
cut slightly tapering they seem to work best, as they then hold firmly 
when screwed into place, but arc easily released when it is necessary to 
take them apart. A pair of pipe wrenches, preferably the "alligator" pat- 
tern, should be taken into tiie field at all times, in case the sections of pipe 
get screwed together too tightly to be taken apart by the hands alone. 
In most cases, unless the lieds are to be worked to an unusual depth, a 
pipe sounder of five four-foot sections will be sufficiently long for all 
practical purposes, since in actual practice abroad, the peat is rarely 
taken from a wet bog, such as most of the Michigan bogs are, from a 
depth of more than 10 feet. 

Filial SaitipUng: For taking samples from various depths, many de- 
vices have been used, one of the most common being a two-inch auger, 
which, if of the open spiral type, like an earth auger, is quite satisfactory 
if bored down into solid peat, and a clean hole made. If simply pushed 
down, turned around a few times to clean the pod, and then draw up, it is 
likely not to bring up a satisfactory sample; in fact, little dependeni 
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can be placed- upon getting a clean sample by such a method, from even a 
few feet below the surface, and the auger is not recommended unleas 
naed carefullv, in compact, solid deposits; of course in the nearly liquid 
types of deposit no samples can be taken by an anger. 

Another form of sampling apparatus which has been used with good 
results is made by splitting a lengtli of one or one and one-half inch 
pipe, and spreading it so that a narrow, longitudinal opening is made 
nearly the entire length. One edge of this is sharpened by filing it and 
raised above the other so that the cross section is something like the ac- 
companying figure (Pig. 18). This is pushed down to the desired depth 
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and then turned several times until tbe sharp edge has cut off enough 
of the surrounding peat to show its character. A removable pointed 
plug should be put in tbe lower end of this sampler to keep it from filling 
with peat as it is pushed down into the beds, unless a hole has been 
previously bored down about to the depth from which the sample is to 
be taken. If steel tubing is used for this form of sampler, it will be 
lighter and more easily sharpened and kept sharp than is the common 
wrought iron tubing which is ordinarily used. * 

A sampler for taking small, pure samples from any depth, was need 
by the writer, and consisted of a short cylinder into which fitted a metal 
plunger, which, when pulled out a definite distance, locked automatic- 
ally; in use, the cylinder was screwed on to the end of a gas pipe soand- 
ing rod and pushed into the peat the required distance, less the length 
of the cylinder. The rod was then drawn up until the catch-Iock was 
heard to click and then pushed down the length of the cylinder, or a 
little more, in order to insure completely filling it. The sample thus 
obtained was free from all outsjde impurities. 

Importance of Thoroughly Proving a Deposit: In making the teste 
for the final proving up of a bog, before preparing to exploit it, holes 
should be dug at regular intervals, to such a depth as will insure cut- 
ting through to the deeper layers of the deposit, from which large sam- 
ples of material should be taken and worked up by the process it iB 
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proposed to Dae in developing the bog. The holes should be dug in 
parallel lines equally distant from each other and if marked differences 
are found in certain consecutive holes, which are considered of sufiQcient 
importance to warrant it, intermediate test holes should be made. For 
making such testa, some prospectors use a common, long-handled spade, 
others a post-hole digger or auger, and still others use a peat spade or 
slane, but the important thing is to have the testing at this stage done 
thoroughly and to such depth that there is no doubt as to the good 
qndJty and large quantity of the deeper layers of peat, which are fre- 
.quently the only ones which are of value in the preparatiou of fuel for 
commercial use. 

Factors Affecting the Commercwl Value of Peat Deposits. 

In considering the possibility of developing a deposit of peat, by con- 
structing a plant, certain other matters than those mentioned above, 
have to be taken into account, as it is often upon such preliminaries that 
- the Snancifll success of the contemplated investment will depend. 

Market and Transportation: Of primary importance is a good and 
steady market for the product, after it is ready to sell. With a standard 
article, well known and with large use. the location of the place of manu- 
facture is not of great importance, since buyers will seek it to supply 
their needs. With a little known and practically unused commodity, 
however, competing with others of equal value which have been in nse 
a long time and in which there is not only a closely organized trade and 
an ironclad agreement between producers, who may also be favoi-ed in 
the matter of transportation, but also a close organization of retailers to 
control the prices and markets, the matter of an immediate and near-by 
market is not to be overlooked. The nearness or remoteness of market, 
is the more important, also, because of the bulkiness of all forms of 
peat fuel, and the ease with which it disintegrates when subjected to 
moisture, or to rough handling, so that it can be sold at less cost and 
in better condition near the place of production than it can if shipped 
long distances; moreover the loss from handling is much less after 
short shipments than after long ones. It would, therefore, seem prob- 
able that it would be unwise to attempt, in the beginning, before the 
peat fuel is well established, to exploit bogs which are far from some 
large town, and which are not on or near some well developed railroad 
line, which will give assurance of good freight rates and a sufficient 
number of l>ox cars for the shipment of the finished product. 

Area and Depth: The area and depth of the deposit is also a matter 
of importance, the area probably of more importance than the depth, 
since, according to European practice, the deposits are rarely worked 
below 10 or 12 feet in depth, although there seems to be no reason why^ 
with dredges or even pumps, the peat from the deep deposits should 
not be used, if it has the proper texture and composition. The state- 
ment has been made that about 200 tons of finished peat fuel can be 
made from an acre of peat of average density, for every foot in depth, 
or, as is frequently stated, 200 tons to the acre foot. With this in 
mind, it is easy to calculate the amount of fuel which can be made from 
a bog of any size and depth, and whether it will pay to develop it. In 
this connection it is well to remember that tlie upper foot or more of 
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the peat is often of no valne for manufacturing into salable fuel, but 
most of it may be need in running the plant, with no other preparation 
than cntting it from the bog and drying it by expoaare to wind and buu. 

Physical Condition of the Peat; Tbe importance of the physical con- 
dition of the peat in given bogs has been mentioned. Tfaie will depend 
largely upon the way in which it has been developed. If in a basin 
which had filled largely from top and sides, the peat will consist of a 
well defined top stratam from one to several feet thick of more or less 
fibrous and coarse, light-colored material, which has below it a deeper 
mass of darker, homogeneous, plastic peat, often very soft and full of 
water, but of generally good fuel value and easily handled by properly 
adapted machinery. 

On the other hand, if the basin has been filled by stages of growth, bvm 
the bottom, the peat is likely to be coarse and flu© alternately, or made 
up of mostly coarse, partly disintegrated material, and may have beds 
containing stumps and logs at intervals from bottom to top, which ^rilf 
make it difllcult to work by the usaal types of machines for cutting peat, 
lo making estimates of the amount of peat contained in deep bogs, eare 
must be taken not to overestimate this, for it has been shown by the ex- 
perience of prospectors, and of railroads' crossing such deposits, that 
they are not infrequently not solid, but have only a relatively thin covering 
of dense peat, from 4 to 6 feet thick, formed of closely interwoven stems 
and roots of various plants, including trees, on the surface, below which 
is a body of water of considerable size which contains no peat or only 
suspended fragments of vegetable matter. Below this water may be more 
peat, but BO far below tbe surface as to be useless. Such a condition is 
not revealed by testing with an auger, as the pod of the auger is filled 
with peat from the surface coverings as it is drawn up, unless very care- 
ful borings are made. 

Deep Bogs with Thin Stratiwt of Peat mth Water or Marl Below: An- 
other matter of similar nature is the frequent presepce of marl, several 
feet below the surface of seemingly deep peat beds. In one case, in 
which prospecting was done by the writer, in a bog which had been 
looked over for marl, and none found, and which was supposed, from 
auger tests, to be made up of solid peat, the peat was only 8 or 9 feet 
deep with good marl below. In another place the peat was said to be 
10 or 12 feet deep by the owner who had often sounded it, and was 
found to be about 4 feet deep and the rest marl, llie cause of the dis- 
crepancies was the replacement, in the auger, of the marl by peat as tbe 
tool was drawn through the latter, which apparently is a frequent oc- 
currence in the use of the auger. 

Sampling for Other PurpoH'8 Than Fuel: If the bog is being examined 
for peat for other purposes than for fuel making, such as paper or pulp 
stock, or for litter manufacture, similar precautions should be taken to 
see that there is an abundance of the proper kind of peat for the uses 
which are to be made of it. The best type of bog for these uses would 
he the one built up from the bottom with numerous layers of sedge and 
grass remains. 

Chemical Composition and Ash: These should be determined by the 
chemist, together with the fuel value, before final arrangements are made 
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for putting in a plant. Tlie best way to test the fnel value, however, is 
to make actual working tests, under a boiler, in which samples of the 
fuel are used, made up in the machines to be used in the proposed plant, 
from the peat taken from the test holes made in the final prospecting. 
Booh teste are expensive, but can be made very satisfactory, as they ehow 
the real efficiency of the fuel better than the ordinary chemical analyses 
and calorimeter testa. If the fuel does good work in these practical tests 
there will be little question about the amount of ash present. 

Posfihilitiea of Drainage: These are usually considered of impor- 
tance, and sometimes excellent bogs have been left unutilized, because 
they were not capable of being effectively drained. In Sweden, however, 
peat fuel has bron satisfactorily and very cheaply made upon floating 
establishments of small capacity, and there seems no reason why the 
peat should not be excavated from the wet bc^s, without draining them, 
by the use of scows and dredges just as ditches are cut through marshes. 
In recent practice in Germany, indeed, the peat is sent to the mill from 
the bog by floating it in a liquid form through shallow trenches, which 
have an artificial fall, into a storage basin, hence the more nearly the 
peat approaches the fluid condition when taken from the bog, and can 
still be handled, tlie better it is for the purpose, so that drainage is not 
an essential, or even a desirable thing, especially if some such system of 
transportation is used. 

Character of the Surface OrowTth: A bog which has been cleared, is 
more desirable than one covered with a dense growth of smalt trees and 
bushes, and one free from stumps has that much advantage over that 
:from which a heavy growth of timber has been cleared, but the matter 
lOf clearing up the surface is a relatively small one, since it can be done 
a little at a time, and need not be hurried, after a sufflcient area has 
been cleared for actual work. From what has been said in the discns- 
sion of the development of peat deposits, it is evident that the surface 
vegetation, except in very shallow deposits of no commercial value, in- 
dicates nothing as to the origin of the peat, or its physical condition, 
or its fuel value, for the plants present may only recently have estab- 
lished themselves, and the only thing which they indicate is the position 
of the water level with regard to the surface of the peat. 

Acidity: Some types of peat, notably the brown ones, are said to 
become nearly impervious to water after they are once thoroughly dried 
out, because the organic acids which they contain are colloidal, or glue- 
like, in form, and when they dry. they become insoluble, so that the 
acid, brown peats may make a slightly stronger and more resistant 
pressed block fuel than the black ones, but it is doubtful it in practice 
the diflCerence would be of importance and it can be of no importance 
where briquetting after drying is resorted to, since the cementing effect 
of the acid is slight. 

Sources of Cfrntamination Producing Sigh Aah Content. 
Importamc of Ash: The ash content has to be considered, be- 
cause, if it is high, the fuel value of the final product from the bog must 
be reduced, and by so much the cost of handling increased, since the ash 
constituents are mineral impurities which do not burn, and in consider- 
ing the availability of a peat deposit, for fuel manufacture, the possible 
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sources from whicli mineral matter may get iato the bog to increase the 
normal ash content, Bhould be talcen into account, of which the follow- 
ing are worthy of notice: 

Flooding hy Streams: A chief source of such matter is flooding by 
streams, which bring silts, muds and even sands into the basins through 
which tbey flow and deposit them, or leave them upon the part of their 
flood plains which tbey overflow. Streams flowing through a cleared 
and cultivated country are much more likely to have floods and carry 
abundant sediment, than those which flow through forest covered 
regions. Peat deposits along such streams, especially in the river 
swamps, oxbow lakes and bayous, and in their deltas in lakes, are 
usually 80 filled with the various forms of sediment that they have 
little if any fuel value. 

Flooding hy Rain Wash: Flooding by rain wash from higher ground, 
is a form of contamination to which many otherwise good deposits of 
peat have been subjected to in Michigan since the hillsides have been 
cleared and cultivated, and it is no uncommon thing to see sand and 
gravel piled several feet deep upon the surface of the margin of a peat 
bog, while the water of the adjoining marsh is colored a deep brown by 
the finer matter which has been carried in' suspension and has not yet 
settled. Where such wash has been going on for any length of time, the 
ash content of the superficial layers of the bog is very high, hence if it 
is found that a bog is subject to flooding from high ground during heavy 
rains, the peat should be studied to ascertain how deep the silt has 
affected it, and if there is any means of checking the wash, since this 
may reduce the value of the bog after exploitation begins. 

Spring and Terrace Bogs: Certain classes of peat deposits, notably 
those on terraces of streams, and on slopes, are formed by the outflow 
of springs. These are particularly likely to be high in mineral matter, 
for the water which is constantly flowing through and over them, has 
considerable dissolved mineral matter in it, which may be precipitated 
in contact with the air, especially after the excess of the gas, carbon 
dioxide, which most spring waters contain, has passed off into the air. 
Such mineral matters are calcium carbonate, calcium sulphate, or gyp- 
sum (in some regions), iron compounds and sometimes other mineral 
matters. The calcium carbonate is the most common of these substances 
and is generally precipitated by a plant. Chara, which grows in the 
shallow water of the spring outlets and often forms a considerable 
part of the deposit in which its remains can be felt as granular, gritty, 
particles scattered through it. Sometimes one of the luosses also forms 
deposits which are more stony in tbeir character and of large size, one 
in Seville Tp., (Iratiot county, covering an area of several acres. The 
iron precipitates first appear as a thin, oily-looking scum on the sur- 
face of the water standing in small holes and along the spring outlets, 
and later as a reddish. ruHty -appear in*; sediment of hydrous iron oxide, 
"bog iron," farther along the stream, as thin, rusty streaks in the peat, 
or sometimes below it. in masses. 

Xot infrequently, when bogs of this sort are burned, the iron which 
was in the iieat appears as a dark brown or even deep red deposit of 
ochre. The mineral matter of such bogs is also added to by the shells 
of mollusks. chiefly land snails, which are usually very abundant in 
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them, and may be seen lying on the snrface or buried in the peat. When 
to these internal eources of mineral matter is added the liability of 
flooding from the higher lands around, to which this type of bog is 
especially liable, it is evident that it is not usually worth while to con- 
sider spring-formed deposits of peat, of the terrace and mound types, 
as sources of fuel supply, in the region under discussion, even where 
they have good-sized areas, which is not, however, frequently the case. 

Shore Wash in Lakes: In some larger lakes, and occasionally in 
small ones, there may be extensive bogs along parts of tbe shore, while 
other parts have sand, gravel or even marl exposures. During times of 
storm and high water, the waves and shore currents may carrj' a good 
deal of finer, silty matter to the bogs and in this way make tbe peat 
impure, ^'here it is found that after storms or strong winds, the 
marshes, under which the ])eat lies, are covered with muddy water, the 
top layers will be found to have an abnormally large amount of ash. 
Such bogs are frequently not so situated that they can be used profit- 
ably, even when they are extensive enough to be considered as worthy 
of exploitation; if, in any case, they are examined for this purpose, 
the question of the amount of ash in the lower layers of the peat should 
be given more than ordinary attention. 

Mineral Matter Frovi the Water of lAikes and Streams: This is 
of two kinds, that held in solution and that carried by tbe water, 
in the form .of fine sand, silt or clay in anspeusion during floods 
or in less amount at other times, or washed directly from the high lands 
to the bogs. There is a considerable quantity of the suspended matter, 
which is so very fine that it remains suspended for a long time and 
eventually may become entangled by water plants, and upon their de- 
cay, become a part of the peat, or it may settle slowly to the bottom 
with fine vegetable, matter and be incorporated into it. Tn order to be- 
come convinced of the importance of this factor, one has only to ex- 
amine the washings from some of the floating aquatics with finely 
divided leaves, from even a small pond, under the low power of a com- 
pound miscroscope, for they will be found to consist quite largely of 
small angular particles of mineral matter, often silica. 

Disaolved Mineral Matter: The mineral matter held in solution in 
tbe water, is a more constant, and. on the whole, a more im- 
portant source of impurity to the vegetable matter which, makes peat; 
in fact, it is the source of all mineral, or ash constituents, except those 
mentioned above, for the plants get all of their mineral matter from 
the soil waters, and build it into their tissues- Aside from that which 
is used in this way by all plants, there is a considerable amount which 
is precipitated in one way or another by the water plants, which goes 
to increase the amount of ash in accumulations of their remains. 

Precipitation by Plants: Two distinct types of plants, the seed- 
bearing and the Alga>, precipitate calcium carbonate in consider- 
able amount upon tbe outside of their leaves and stems, or. in 
the case of tbe lower Alga?, over the entire plant. Where the higher 
plants are most numerous, the amount of the mineral matter accumulated 
is small in com])arison with the amount of vegetable matter formed, 
but where the AlgiP. Chiira and lower tyi)e8. are the dominant vegetable 
forms, the amount of mineral matter is often so large that marl, and 
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not peat, is formed. Where there is any considerable quantity of Cal- 
cium-secreting Algse growing in the deeper parts of the lalie or body 
of water (even shallow spring outlets an ineh or less deep are not free 
from these plants, as pointed out atmve), the ash content of the result- 
ing peat is certain to be high. It may be worthy of note here, that 
Chara, the important lime-secreting plant, not infrequently grows in 
shallow water among the bulrushes and sedges and contributes consider- 
able mineral matter to the resulting vegetable debris and its presence 
in such places may often account for the presence of more mineral mat- 
ter than could otherwise be easily explained. 

Another type of Algie, the biatoms, secrete silica in the form 
of delicate transparent shells, and M'hile these plants are very minute, 
their number is sometimes so enormous that their shells have made de- 
posits of cousiderable economic importance in various parts of the earth. 
These plants are always present in the water of peat bogs, and their 
silicious shells undoubtedly add an appreciable amount to the ash of 
most types of peat. 

An additional source of precipitation of dissolved mineral matter 
from the water of bogs, takes, springs, and streams are certain fila- 
mentous Algse which form local deposits of lime and iron in bogs and 
swamps, and at times this becomes sufiQciently general to seriously affect 
the quality of the peat. 

The chief contributors to the ash of the coarser types, of peat, are 
sedges and grasses, which, in the course of their growth, secrete cou- 
siderable quantities of silica in the cell walls of stems and leaves. This 
silica is then a normal constituent of peat, and is to be expected where 
the plants mentioned have had any considerable part, as is generally the 
case, in building up the deposit. 

Another group of plants, representatives of which are sometimes 
found either growing on the surface of bogs, or in the water along their 
margins, in targe quantities, has silicious cell walls. This is the Horse- 
tail family, the Equisetacese. the surviving remnant of the Oiant Cala- 
mites of the Carboniferous Age, which grew in similar situations, and 
by their growth and decay helped to form coal. 

Relation .of Deposits of Peat to tke Bottom. 

In relatively shallow peat beds, it is sometimes a matter of some 
importance to determine the quality of the underlying stratum of min- 
eral matter, as this may, in some cases, affect the lower strata of the 
bog. rendering them impure, or make it difftcult to harvest them. 

In the Soutliern Peninsula of Michigan, ordinary till or boulder clay 
is a common type of material found below boga. This never is found 
above the twttom of the peat, hence never interferes with working the 
bog to the bottom. 

Where clay forms the substratum, however, as it often does, the lower 
layers of peat are usually impregnated with it. and it is apparent that 
at the time the peat was laid down, conditions were such that consider- 
able mud was being held in suspension from time to time in the water 
of the depression in which the bog grew up and was deposited with the 
peat. The clay content of the peat may continue to be ezeesaii'e for a 
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foot or more above the bottom, so this amount of material baa to be 
left in the bog in utilizing it for fuel manufacture. 

In the ^Northern Peninsula, many of the shallower bogs have been 
built up over aand^ and in such cases there seemed to be no intergrading 
between the sand and peat. Indeed, it is not easy to see bow sand 
could be mixed with the peat by ordinary water action, since the force 
of current which would carry the aand would wash the vegetabU mat- 
ter all away. In some cases there were thin layers of clay between sand 
and peat, but the amount of this material was amall and its effect upon 
the peat did not seem to extend above the bottom to a greater distance 
than an inch or two. 

When, as has been mentioned above, marl lies below the peat deposit, 
from the origin of the two substances, there is likely to be a zone of 
some thickness in ifhich they will be mixed so intimately that the 
peat will be of no use for fuel. Such a zone will show the presence of 
the marl by its grayish color when dry, and the large .per cent of ash 
which even the darker peat leaves when burned. This zone of mixed 
material may vary in depth from a few inches to two feet or more, -but 
usually it' is quite narrow, although where present it must always be 
taken into account. 

Bog iron is sometimes found at the bottom, a short distance below 
peat beds, but rarely in them,' except as indicated above. It usually 
forms a hard pan, or, frequently, irregular masses, when Jt is at the 
bottom of a bog, and may, in some cases, render it di£Scult to use ma- 
chines for cutting out the lower layers of the bog. 

Summary. 

Color: The type of peat which would he called a good commercial 
peat for fuel use, that is, one which could be readily handled by some 
one of the processes now in use, and make a desirable type of product, at 
a price which would not prohibit its mannfacture, should have a color, 
when wet, which varies from medium to dark, rich brown, or to nearly, 
or quite black; the deeper layers of peat are frequently darker than 
those at or near the surface; in a few, probably rare, types however, 
the color may be much lighter. When dry, good jteat may vary in 
color from medium light to dark brown of the richer shades or to black. 
That which shows much straw color when dry, should be looked upon 
with more or less suspicion, as should those kinds which are of light 
brown shades when wet, although the degree of decomposition and struc- 
ture should be considered in connection with color. 

Those samples which show much cbalky matter when dry, or have a 
rusty color running through them in streaks, or are generally rusty 
when dry, are probably impregnated with lime and iron and will run 
high in ash. If the dry peat shows grayish, either in streaks or gen- 
erally, it is likely to be rich in sediments and unusable for fuel. 

Weight: Good average peat, when air dry, contains from 15 to 25 
per cent of water, and weighs, withont compression, about 12 pounds or 
more per cubic foot as cut from the hog. Those tyjies which are darker 
and more compact than the average are heavier, while the ones which 
are of light color usually weigh less. A very heavy sample which has not 
been compressed, should be rejected as certain to contain too much ash, 
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while a very light one is liable to yield a flaiahed prodnct that will be bo 
bulky as to be at a disadvaDtage id the markets, because of high freight 
rates, and the amount of storage room which it requires, as comparefl 
with other fuels, for it must be borne in mind that peat fuel, unless in 
the form of coke, must be stored under cover, and since its bulk is eight 
times that of coal of the same heating capacity, it can readily be seen 
that the very light weight kinds, will be at a disadvantage, as they may 
require 15 to 18 times as much space as coal which will give the same 
amount of heat. 

Texture: The importance of considering the texture and coarseness 
of peat must already be apparent from what has been written, regard- 
ing the matter. In general, the coarser peats are lighter in color and in 
weight than those of finer texture, which is in part due to the greater 
age, and more complete decomposition of the latter, and in part, to the 
different species of plants from which they were derived and different 
conditions under which they have been formed. With fineness of tex- 
ture goes greater plasticity, which is desirable to a degree, in peat to be 
used for fuel manufacture. 

While peat of the coarser types will usually give a fuel that burns 
readily, with a good degree of heat and with a minimuni of ash. it 
yields a more bulky fuel, it is likely to break up quickly on burning, it 
oeeds much more preparation before manufacture, is more difficult to 
dry and keep dry, is harder to compress, and is almost certain to produce 
easily broken briquettes. On the other hand, the plastic, black peats 
are higher in ash, are more difficult to burn, and are harder when dry, 
reaching nearly the consistency of soft coal, which makes the com- 
pressed blocks durable but not unreasonably hard to crush, if briquet- 
ting, after drying, is resorted to. 

Relation of Ash to Commercial Value. 

In considering this matter, it is assumed that no peat having over 
20 or at most 25 per cent of ash would yield heat enough, so that it 
would find a continued market, but when the ash of the dark colored 
peats, which are highest in ash, is below 15 per cent, it would usually 
find buyers, if.it horned well, as the ordinary consumer will not be 
over particular regarding the per cent of ash in the fuel he buys, as 
is shown by readiness with which all kinds of coal and wood are pur- 
chased. The apparent amount of ash from peat fuel is very small, be- 
cause of the large bulk of the fuel and the small bulk and freedom 
from cinders and clinkers of the ash, which makes it seem that the 
absolute per cent is small also. If, as is frequently done in Northern 
Europe, a body of peat is utilized for generating steam to run a single 
factory, using it in lieu of other fuel brought from a distance, the 
various precautions regarding ash and quality, texture and other char- 
acteristics may be wai%'ed, since, in such a case, proximity to the fac- 
tory and quantity of material, are of more importance than quality. 
There is no difficulty in generating steam quickly and in any quantity, 
by using air-dried cut peat, even of rather poor quality, and with a 
small cutting and compressing plant, the efficiency of the fuel may be 
readily increased, so that at a small cost per ton, an excellent product, 
and a good substitute for coal or wood can he obtained from the im- 
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mediate vicinity of the factory. That such individnal plants, making 
a few tOQB of peat fuel per day, from the numerous small bogs scat- 
tered through Michigan, are not in existence, is evidence either that the 
owners of small factories are snflBciently prosperous, so that they do 
not need to practice small economies, or that they are not yet fully aware 
of all of the resources which may be exploited to their advantage. 

Parmelee' divides the peat tested by him into three classes, (1) high 
grade peat, ash ranging between and 10 per cent, (2) medium grade 
peat, ash 10 to 15 per cent and (3) low grade peat, ash 15 to 25 pep 
cent. The lowest aeh reported in this series is 3.04 per cent of the 
weight of the peat after it had been dried in an oven at 105° C. until 
the weight was constant and the number of heat units obtained from 
this sample was 5,876 calories. The heating value diminished as the 
ash content increased, in these tests, as would be expected, but not regu- 
larly, a sample' with 8.34 per cent ash developed 5,521 calories, 
while another with 6.24 per cent ash developed only 5.098 calories, a 
less amount than another with 14.26 per cent ash which was reported 
as having a heating value of 5,193 calories, ^till another sample with 
16.44 j)er cent ash had a heating value of 6,117 calories. In general the 
low grade peats ran below 4,500 calories, the medium grade peats below 
5.000 calories, and the high grade peats between 5.000 and 5,900 calories, 
only a small number, however, going above 5,500 calories. These tests- 
were all made with peat dried in an oven at 105" C, until the weight 
was constant, hence give higher heating values, than would be obtained 
with air-dry samples, as the author notes, and also for the same rea- 
son, higher ash percentages. The same lack of definite relationship be- 
tween heating value and ash content is shown in the diecusaion of Al- 
len's analyses of Michigan peat below. 

Location and Extent of Peat Beds in. Michigdn. 

As has been stated in the part of this work dealing with the North- 
ern Peninsula, the greatest continuous area of peat in the state lies 
along an extensive tract of flat country in the eastern end of that pen- 
insula. In the Sonthern Peninsula,^ there are no areas comparable 
with this in extent, and relatively few covering more than a few hun- 
dred acres. Of these, the most extensive lie in river valleys and are 
hence likely to be shallow, and more or less affected by silt which has 
been brought into the valleys from the hills or by overflow from springs 
and eti-eams. Of the smaller areas of bog and swamp, there are many 
in the morainal, or hilly, region north of Detroit, in Oakland county, 
and extending across the state east and west as well as northward. If 
one takes a map of the state and examines it for regions where lakes 
are most numerous, then visits these, he will, in such regions, find bogs 
and swamps filled with more or less extensive beds of peat, since the 
lakes indicate an abundance of undrained or partly drained depres- 
sions, and, in these, bogs have grown up, as shown by the parts of this 
i-eport describing the development of peaty formations. The original 

■ Pamiclee, C. W. & McCoiirt. W. E. A report on the peat ilepoiila o( Northern New Jersey. 
Ann. Ri'poTt ol the State GroLoelct of N. J. for 1906, p. 261. Trenton, N. J.. 1006. 
'Sen also WliK-hell. A., Feat In Michigan, Leavltt's Peal Journal I, l. Boston, 1S67. 
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distribution of BwampB, containing more or Icbs peat, in Michigan, is 
shown b,v the maps. (Plates XVI and XVII). 

These deposits range in depth from a few feet, to as much as 60 to 
70, though more often only to 25 or 30 feet, and from a. few acrea to a 
series of connected basins, which may cover manj hundreds of acres, 
and in which the depth of the peat may more than compensate for the 
relatively small area. In some of these basins, however, the peat is 
shallow, being underlaid by marl a short distance below the surface. 
On some of the broad, flat divides and especially in the vallevs lying 
in the moraiual region of the state, there are excellent deposits of peat 
of good depth and quality, some of which have been brought under cul- 
tivation, however, and are not available for exploitation for fuel, or 
other put^ses. 

There is no question in the minds of those who have investigated the 
matter, or of that of the writer, that there is an abundance of excellent 
peat for all the uses to which the material has been put, to be found 
in Michigan and that good deposits for the manufacture of fuel, on 
any reasonable scale, are to be had near enough to the large towns, so 
that a good market can be built up as soon as the product is made 
upon such a basis, that it can be profitably sold in competition, with 
moderate priced, or cheap, wood and coal. 

For those types of peat which can not be made into transportable 
fuel, special forms of utilization could be devised, such as those sug- 
gested by Adolf Dal in an article in the London Engineering Sfagazine, 
November, 1902. He recommends that the peat of large deposits be 
turned into electric energy at the beds, and conveyed to the manufac- 
turing centers in that form, rather than try to transport it in fuel 
form. There is also the possibility of distilling it, and piping the re- 
sulting gases long distances, for use in gas engines and for beating and 
lighting purposes. It seems probable that such methods of exploita- 
tion would be quite as . satisfactory, and more simple than any 
method for converting the peat into a portable fuel, except possibly 
into peat coke, which would be done in any case, if the gas were the 
object of the utilization. 

The Composition of Michigan Peat as Shotcn by Analyses. 

The following analyses, a few of the many which have been made by 
various chemists, and others, who have investigated the suitability of 
our peat deposits for fuel.' show that these compare favorably with 
similar deposits in other parts of the country and of Europe. 

Analyses by J. R. Alien. 

The following report of analyses of peat from three counties in South- 
ern, and one in Northern Michigan, was kindly furnished the Geological 
Survey for this report by Prof. John R. Allen, of the Engineering De- 
partment of the University of Michigan. 

Prof. Alien makes the following explanatory statements of the methods 
used by him in testing the peat samples. 

"The analyses, the results of which follow, were made solely for com- 

' See also Geol. Surv. of Mich.. Vol. VIII. Pi. 2. Coal of iUcH., p, 119. 
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mercial purpoBes, without any thought of publication. They are, there- 
fore, not as complete aa they would have been had the original inten- 
tion been to publish them. 

Before being tested, the peats were thoroughly dried at a tempera- 
ture of about 160° F. The reason for drying at such a low temperature 
was that it had been found that peat loses a part of its volatile matter 
when dried at a temperature exceeding 200° F. Tests were made with 
a Parr calorimeter. The iuatrument used waa a special one of large 
size, to accommodate tbe large bulk of peat that it waB necessary 'to 
use in order to have sufBcient veiglit to give accurate results, but other- 
wise it was the standard Parr^ calorimeter. 

The chemical analysis of the peat was made in the ordinary manner 
with a platinum crucible. The crucible was filled with the peat, covered 
with a platinum cover, weighed and heated until the volatile matter was 
driven off. Then the crucible and residue were weighed and this weight 
subtracted from the original weight of the crucible and peat, which 
gave the weight of the volatile matter. The cover was then removed 
and tbe remaining material heated for atwut 24 hours over a gas fiame' 
until all the fixed carbon was driven off. The crucible and contents 
were then weighed and the result subtracted from the previous weight, 
the difference being the fixed carbon. The crucible was then cleaned 
of the residue and weighed, and this weight subtracted from the 
previous results; this gave the weight of ash. As the tests were made 
only for commercial purposes, no peats containing over 20% of ash 
were fully tested. Peats with over 20% of ash were considered unsuit- 
able for commercial purposes. 

The results of the tests are given in tbe following table :". 
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The per cent of ash plus the per cent of fixed carbon will give the 
per cent of coke obtainable from any sample. 



■B Geol. Siirv. ol Mich., Vol. VIII. Pt, a. 
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On makiDg a comparative study of, these analysea, it becomee evident 
that the aah content of the i8 samplea in which it waa determined, is 
low, since in only one of these does it rise above eleven per cent of the 
total weight of the dried peat. It is diflRcnlt to compare these results 
with those which Parmelee obtained from work on the New Jersey 
peats, and which have been cited in another place, since those were 
based upon teats of peat which had been heated to 105° C. or 221° F., be- 
fore weighing, this temperature involving some loss of volatile matter, 
as pointed out above, and therefore higher ash in the final statement 
of analysis, but it is fair to assume that all except one would fall well 
within 'the two classes of high and medium grade which are made by 
that author. 

Considered by themselves. Prof. Allen's figures show, as do others 
also, that heating value does not vary regularly according to any except 
very considerable variations in the ash content, and that there is no 
cloae and definite relation between the heating value and any of the 
elements reported here. Thjis, if these analyse* be arranged in order of 
their heating value, the highest first, and compared with another ar- 
rangement in which the lowest iii ash is placed first. No. 1 in heating 
value is No. 7 in ash content. The relations are still farther shown in 
the following table, made up by arranging the analyses in order of each 
of the elements of analysis reported, all except the ash from high to 
low per cent, and the ash from low to high per cent: 

Tabu of CompaTotise VabK» of Peat SampUs Oivtn Above to Show thtLaekofRdationatiip 
Between Healing Valve as Expreeaed in B. T. U. and Other Faetort Reported. 
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In a general way the table shows that the higher calorific values are 
obtained from the peats lowest in ash, and where the ash is present in 
large quantity, the heating value is reduced, but as stated above, with- 
in the range of ash for high grade, commercially valuable i>eats, this 
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relation is not demonBtrable, aud a eample with ooly threk per cent of 
ash may yield lees heat units tban one having 9 or 10 per cent. In 
like manner it can readily be seen that the other components usually 
deteirmiued in peat analyses havejittle demonstrable connection, within 
limits, with the heating value. 

For explanation of these irregularities it seems probable that it will 
be necessary to consider the type of plants which predominated in the 
plant as8o<'iationa from whose remains the peat has been built up. the 
degree of decomposition, the general conditions under which the plant 
remains were converted into peat, and other minor factors, which, taken 
together, make the problem one difficult of solution, especially as mauy 
minor accidental causes may affect changes in the ash content, and 
complicate the problem in other ways. It is evident also, from what 
has been shown regarding the varying origin the different strata of the 
same bed of peat, the type of plant remains will vary, generally, from 
layer to layer, from the top down to a considerable distance and that 
it would he often impossible to determine quantitatively the different 
species of plants present in the peats, even when it would be easy to 
tell what ones were present. The p^t which contained much of the 
remains of the resinous coniferous trees would have a high heating 
value, and should be low in ash if mineral matter from other sources 
than the plant debris were not present. 

It is not likely then, that peat, lacking as it does homogeneity of 
structure, coniposition and origin, can ever be depended upon to give 
uniform heating tests, even when the samples are collected from the 
same bed, and with considerable care, but in spite of thia fact it will 
usually be advantageous to thoroughly sample and test all beds which 
are to be commercially exploited before any development is attempted, 
since in this way only will it be possible to determine the quality of the 
peat. 

The analyses given above indicate that Michigan peat may run very 
low in ash and that it has a calorific value quite equal to the best grades 
of peat found in other parts of this country and of Europe, as examina- 
tion and comparison of the records of analyses will show. 

Analyses by A. >'. Clark. 
Samples collected near Ludington by A. N. Clark, Alma. 
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Xo. 6 was the only one tested to determine the heating value and 
was dried in an oven at 105° C, until the weight was constant, before 
testing. The heating value of this sample is about that of good hard 
wood with no ti-eatnient except thorough drying. 

In the series of four samples from a large bog in Sanilac county, 
given below, there is a greater divergence in the ash and water con- 
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tent of tlie various samples. It ia an interesting fact tliat Nos. 1 and 
3 are from tbe same hole, So. 1 from about 5 feet below tUe surface, 
and No. 2 about 10 feet. No. 3 is also from about 2 feet below the 
surface, and No. 4 about 5 feet from another hole about 300 yards from 
the one from which Nos. 1 and 2 were taken. 
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The same series of samples was also dried at 106° C. and the car- 
ion, ash, and calorific value determined as follows: 
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These analyses are instructive, in that they add to the evidence show- 
ing that the heating value of peat high in asb may be greater than that 
with a much lower asb content, and they also indicate that in some 
bogs the peat from lower strata may have less water than that from 
nearer the surface; they also give ample testimony as to the high qual- 
ity of Michigan peat as fuel. 

A further idea of the average quality of Michigan peat is given by 
the analyses for the Chelsea company by. W. H. Allen, cited on page 
119 of the report on coal (Mich. Geol. Snrv., Volume VIII, Part 2), the 
average of which is as follows: 

Moisture and volatile combustible 59.192 

Fixed carbon 31.000 

Asb 9.802 

100.000 

The annual report of the State Board of Geological Survey for 1902 
(p. 15) also contains the average result of 10 analyses by Prof. I>elos Fall, 
of the MacMillan Laboratory at Albion, as follows : 

Moisture and volatile combustible 64.935 

Fixed carbon 28.843 

Ash 9.222 

U3.000 , 
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Mr. Waterbury, in connection with the Haslett Park sink hole, al- 
ready referred to, had the following three analyses made at the Agri- 
cultural College:' 

Sample No. 1. 

Taken south of hole and one foot from surface. 

Moisture S,92 per cent 

Organic matter 79.06 " " 

Mineral matter 12.007 " " 

Total 99.987 " " 

Sample No. 2. 

Taken 100 feet south of hole in crust, from ground exposed by a tree 
which had been blown over. 

Moisture 10. per cent 

Organic matter 80. " '" 

Mineral matter 10, " " 

Total 100. " " 

Sample No, 3, 

Taken from water at north aide of hole. 

Moisture 10,57 per cent 

Organic matter 83.74 , " " 

Mineral matter 5.691 " " 

Total 100.001 " " 

The percentage of ash in tbe Allen, Fall and Waterbury analyses is 
fairly constant. 

Fuel Value of Peat. 

Raw peat as it exists in the bog is made up of from 85 to 90% or even 
95% of water. 8 to 13% of combustible matter, and about 2% of min- 
eral matter or ash. It is evident that such materia! will not burn, 
until some of the water is dried or drained from it. If weighed when 
cut fi-om the bog the heavier and denser qualities may weigh as much 
as 100 or 125 pounds to the cubic foot, but if allowed to lie on the sur- 
face of the ground a few days the water will be reduced to abont one- 
half its former quantitj and a still farther exposure to sun and wind 
reduces it to from 15 to 23%, where it remains stationary, or gains and 
loses slightly, according to the amount of moisture present in the air 
which surrounds it. In this air-dried condition, it will have about 
one-half its former volume, and will weigh from 12 to 40, or even 60 
pounds per cubic foot. 
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If set on fire, in the air-dried condition, the lighter and more spongy 
kinds of peat take Are at about 200° C. and burn briskly, with a red, 
smoky daiue, and give off a characteriBtic, strong, pungent odor, due 
to the deBtmctive vaporization of the imperfectly carljonized organic 
matter. The denser, more compact kinds do not take flre so readily, 
burn more slowly and in some cases require a higher temperature to 
start the combustion. The ash of peat is light and powdery and small 
in bulk, compared with that of the original blocks, and when the sur- 
face of the Are is covered with ash, or the draft is reduced to the mini' 
mum, the flre ie able to maintain itself indeflnitely in a smouldering 
condition, as long as the supply of fuel lasts, it is said because the peat 
contains a quantity of oxygen in composition, in excess of that pos- 
sessed by other fuels, and some of which becomes available to support 
combustion, when the material is decomposed by heat. For the same 
reason, peat fuels do not require as much draft as other fuels. 

Compared With Other Fuels: In crude peat the heating power is small 
as compared with coal, only about one-half as much, or more exactly the 
ratio Is given as varying from 1:1.6 to 1:1.8, or from 5-8 to 5-9; and it • 
requires for the same evaporating effect from .8 to 18 times as mucb 
bulk of crude air-dried peat as of coal, hence large storage room and 
good-sised fire-boxes are required for the fuel in this form and it is 
for this reason and also to increase its eflQciency. and give it staying 
power, that various pvotressea of compression, etc., have been devised. 
In spite of its disadvantages in the more bul^y forms, either of the air- 
dried, hand-cut blocks, or of the compressed blocks, it is reported by 
those who have used it to be a very satisfactory fuel for all domestic 
uses, that it is easily kindled, burns freely, gives a rapidly developed 
and strong heat, is light and easy to handle, and very clean, and with 
it the flre is easily regulated, for any purpose. For heafing-stoves it is 
also well liked, giving out a gentle but sufficient heat. In burning it, 
its value and the amount of satisfaction it gives, is said to lie as much 
in the way it is handled and the fprm of stove used, as in the fuel. 
In Europe, where it is extensively used, very few special forms of stoves 
have been devised for the use of peat fuel, but it probably should be 
burned in smaller quantities, in less draft and with narrower grate 
openings than are used with coal and the fire should be tended more 
often. For open fires in grates, it is said to be a good fuel, and, by 
some, to be 8Ui)erior to wood. The smoke from open peat fires is said to 
be bpneficial in cases of throat and lung diseases. 

Wlieu used for the generation of steam under the boilers the manufac- 
turing establisbmeuts, power and lighting plants, however, the efficiency 
of this fuel, in comparison with others which are to be found in the 
market, is at once questioned, and if it is found' that the same money in- 
vested in any other fuel will produce as much or more steam, or more 
heat units, than peat, or can insure a more easily obtained and certain 
supply, or even one liked better by the men who handle it, the probabili- 
ties are much in favor, in most cases, of the other fuels being given the 
preference and the use. The makers of peat fuel, then, have to produce 
a fuel that is cheaper. l)etter and more convenient "than those already 
in the market, and must insure a sufficient supply the year round, if 
they expert it to be generally used for the generation of power, as it 
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mast be to make la^e investmeots in peat fuel factories profitable. 
CoDsideriDg now the beating power of peat fuel of various types, it 
is well to inspect carefully the following table^ in which its theoretical 
value is compared with that of other, commonly used, and easily ob- 
tained fuels. The quantity of fuel taken in each case is one pound : 

B. T. U. 

Wood 5,760 

Ordinary air-dried pe&t 6,840 

Pressed peat 7,290 

Bituminous coal 11,000 

Ordinary gas coke 12.060 

Peat coke 12,676 

Semi-bituminous coal 13,000 

Peat briquettes 13,330 

Charcoal 13,804 

Anthracite 14,600 

The B. T. U. (British Thermal Unit), is the amount of heat require*) 
to raise a pound of water from 50° to 51° F. (Tait). The BYeach unit, 
or calory, is the amount of heat required to raise a kilogram of water 
from 0° C. to 1° C, and is occasionally used in quotations in this 
paper. The relation between the two units is such that Calories may 
be changed into British Thermal Units by multiplying the quantity to 
be converted by 9 and dividing by 5. From this table it seems that peat 
either air-dried or pressed into blocks, is theoretically a more efficient 
fuel than wood and not so good as good bituminous coal or .coke. 

It must be remembered, however, that both ash and moisture affect 
the heating value of peat, as shown by the table given below, cited by 
Parmelee," from Hausding's Handbuch der Torfgewinnung,' 

Calories. 

Dry peat without ash 6,500 

Dry peat with 4% ash 6,300 

Dry peat with 12% ash 5,800 

Dry peat with 30% ash 4,500 

The same peat with 25% water 4,700 

The same peat with 30%. water 4,100 

The same peat with 50% water 2,700 

The same peat with 0% water and 15% ash 5,500 

The same peat with 25% water and 0% ash 4,700 

The same peat with 30% water and 10% ash 3,700 

As the reports regarding the calorific value of fuels, including peat, 
"are made from tests upotf samples as free from moisture as it is jHtsaible 
to get them, the value of the fuel in actual working tests is usually con- 
siderably less than that indicated by the laboratory determinations. 
This must always be true of all forms of peat fuel, except peat coke and 
in certain types of seared briquettes. 

■SeeslMXhe tible in Mich. Geol. Surv. VIII. Ft. 2, p. IIS. 

■P«nnelee, C. W. A report-on the peat depodlA oi Northetn New Jeraey. Ann. Report o( thft 
Bute Oeologist of N. J.. 1905. p. 237. 

•Hausding. Handbuch der Tortgewlniiung und Torlverwertung. 2nd Ed. Fiul Farer, Berlin, 1«M. 



CoogU 



DAVIS ON PEAT. 335 

Presiimg tbe peat increaaes its heating power gomevhat, aod coking 
it aiwnt doubles its value as a heating agent, but does not bring it up 
to the standard of the best anthracite, although it makes it approach it, 
since tests reported by various authors give the calorific value of the 
best grades of Scranton {Pa.) anthracite, as 13,805 B. T. U., and bri- 
quetting Is even more efficient, since the heating value of peat briquettes 
ranges from 9,000 to 12,000 or even to 14,000 B. T. U., thus equalling 
anthracite as a heat producer- 
Aside from the evidences of actual heating power, admirers and others 
who have used peat fuels for generating steam in boilers, state that it 
gives a quick and lasting heat, raising steam in aboat one-half the 
time taken for coal, that it is nearly smokeless, forms no ash of an; 
consequence, makes no clinkers whatever, or cinders, is entirely con- 
sumed in the flre-box, none dropping into the ash-pit, makes no soot, 
does not corrode the grate bars, fire-boxes or boilers, because of its 
freedom from sulphur, does not clog up the flues with any form of de- 
posit, and that it is t&e most easily bandied of all fuel. Farther, in 
burning under a boiler, the volatile hydrocarbons of peat are not driven- 
off in a black smoke, as with bituminous coals, but bum above tbe bed 
of fuel, thus making a quick, hot, fire, which raises steam rapidly, aad 
the temperature is afterwards maintained by the slower combustion of 
the fixed carbons. The facts that it ignites so readily, bnrns up so 
completely and gives a high temperature without producing cinders^ 
sparks, soot, clinkers, and but a very little smoke, tend to increase its 
actual efficiency J and vrhile ordinary coal is capable of giving more 
beat, pound for pound, when usual forms are taken into consideration, 
it clogs the fines with ash and soot, covers the boiler with a constantly 
increasing film of rust, destroys grate bars, is not all burned, and in 
other ways decreases its capacity for generating steam, so that mnch of 
its theoretical superiority is lost, and even if these things were not so, 
when the comfort and convenience of the public are taken into account, 
and the defacement and damage to property by soft coal smoke, the 
smokeless feature of peat combustion is alone worth some sacrifice of 
beating power. As to cost of production, the peat, occurring as it does, at, 
or just below, the surface of the ground, is mined with less danger and 
much more cheaply than it is possible to mine coal, and if it needed do 
further preparation than digging, could be produced for a very small 
sum per ton. In tbe form of air-dried, slightly compressed blocks, an 
acceptable and quite efficient form of peat fuel, it can be produced at 
from 76 cents to (1.26, or 9^.50, per ton. and with automatic machinery, 
on a large scale, probably for less even than the lower figures, where some 
of the more highly decomposed, plastic types of peat are used. 

But it has been pointed out above that the heating value of this 
product is only about 1:1.6 to 1:1.8 that of coal, and that the bulk is 
rarely less than eight times as great as coal of tbe same heating power, 
and may be, for the lighter kinds of peat, much more. These are dis- 
advantages, and in the several ways already discussed, but two tons of 
peat, prepared in this way, will produce more heat than a ton of coal, 
so that the chief problems involved in introducing it for general nse, 
are tbe cost of transportation, and of storage under cover, since in this 
form it can not be long exposed to tbe weather. The first of these prob- 
lems is solved where cheap transportation can be depended upon, or 

o 
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by using the peat uear the bogs from which it is taken, and the fiecond is 
readily dealt with in most cases, after consumers have learned the valne 
of peat fnel. 

As Affected by Methods of Preparatioti: Peat is. however, most 
easily handled, and gives results most nearly in accord with 
those obtained from the use of an equal weight of the best 
coal, when pressed dry into the form of small, compact briquettes, either 
alone, or with some other fuel, such as coal-slack, sawdust or some 
binding material, and it is to put it into this form, or one even more 
compact, cheaply, quickly and satisfactorily, that the energies of ex- 
perts in dealing with this difficult matter, have been bent for many 
years. The chief problem involved, seems to be to find some way in 
which peat taken from the bog may be quickly and efSciently deprived 
of the water which is in it, and compressed rapidly, cheaply and con- 
tinuously into briqnettes, so that a constant production of the flniahed 
product can be insured, on a scale sufficiently large to warrant the 
maintenance of a plant involving, perhaps, the expenditure of a hun- 
dred thousand dollars or more, for establishment and equipment, for 
while smaller units may be built, the cost of running these is apparently 
disproportionately great, and the returns reduced by that amount. The 
great obstacle to success in these efforts ie found in the fact that the 
real problem, as stated in simplest terras, is how to recover from a 
mixture of 85 to 90 per cent of water and 10 to 15 per cent of peat, this 
small portion of the latter substance, which, when received iu a dry 
state, and burned, will only give beat enough to dry the water from 
«ne-third as much more. It is evident that such a problem is not easily 
;Solred if the fuel has to be all dried out by artificial means. It is 
undoubtedly a vital objection which can be urged against all systems, 
of artificially drying peat, that they use three times as many heat units 
as the resulting fuel will produce, and therein lies the chief reason why 
such processes have not, in the long run, proved profitable, even where 
a lai^e amount of waste fnel, in the form of peat refuse, has been avail- 
able. The cost of drying, figured in tons of peat, is three tons of dry 
peat, or its heating equivalent, for every ton of dry peat produced, and 
after it is dried, to this must be added, to determine the selling price, the 
cost of digging, taking to tiie drying machinery, the removal from this 
to the presses, the operating and maintenance of these, the interest on 
capital and the charges for storing, and selling. 

Questions naturally arise at this point, as to why the water is not 
pressed out, thrown out by the use of centrifugal machines, or even 
filtered out. As to these questions, it may be said that very many at- 
tempts have been made to press tlie water from peat, the most exhaustive 
and cdmplete of which, were conducted with great care and at large 
expense under the auspices of the German government. These were on 
a factory scale and resulted in practically total failure. Peat contain- 
irtg about 80% of water was given a pressure of more than tn'o tons 
per square inch and when taken frbm the press still contained over 
6.t% of water. In a report to the government of Norway upon some of 
the German experiments, which he had followed with care, J, G. Thau- 
low pronounced them to be complete failures, as it was shown by them 
that it was difficult to reduce tlie water to even 66% by pressure alone, 
and to get even this result required such a great outlay of capital, and 
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fiucb high remaining costs that the expense was all ont of proportion 
to the output. Similar resnlts reported from Canada on the use of 
hydraulic presses, and from other experiments, are not to be doubted 
and it is evident that pressure will not expel the water from peat. 

Almost the same results have been obtained from attempts to drive 
the water from peat by the use of centrifuges, and it becomen evident 
that some internaj cause for this behavior must be sought. This was 
pointed out in the first part of thip report (p. 161), namely, that the 
water in the peat is largely held in the walla and cavities of the cells 
and vessels of the partly broken-down plant tissues, from which it 
can neither be squeezed by pressure, nor thrown by whirling, and no 
amount of contriving machinery is likely to make it possible to do this. 

A recent process devised in England, "it is claimed, breaks down, to 
a certain extent, the plant tissues in peat by electrical action, the mass 
under treatment being at the same time heated by the passage of the 
current, so that the water liberated is evaporated, but. when it is known 
that one unit of electricity, cannot develop more than 3,410 heat units, 
and that about 3 pounds of coal are required to generate this, it iis 
difficolt to Bee how such a method can successfolly compete with 
evaporation by direct heating. Tf the coal, or other* fuel used for the 
generation of electricity in the above process, were burned directly 
to heat the peat mass, it would produce more than 10 times as many 
heat units than are obtained by converting its energy into steam, then 
to electricity and back again to heat by the resiBtance offered to the 
current by the wet peat. 

Still another, and apparently a perfectly feasible device for getting 
rid of the excess of water in peat has recently been described by a 
writer in Engineering.' By the method thefe discussed the excess of 
water from peat containing about 95 per cent of water, in which condi- 
tion it reaches the factory through ditches from the dredging machines, 
is allowed to drain down to about 80 per cent and then is fed directly 
into the boiler where the water is evaporated and the steam pressure ■ 
raised until sufficiently high to run engines and pumps and furnish heat 
to dryers, etc. The peat obtained in the dry state as the result of the 
evaporation is briquetted and used under the boilers. If peat with a 
less amount of water than the 80 per cent is used in the boilers, an ex- 
cess of the amount of dry fuel required to nm them is obtained, and may 
be briquetted and sold, but with this less fluid peat, the amount of 
energy used to work the feed-pump and briquetting machine for the 
boiler is greater, and with very dry peat may be about 30 per cent of the 
whole energ.v produced by the boiler. It is evident, therefore that only a 
t-elatively small amount of peat briquettes in excess of the needs of the 
boiler could be obtained by the use of the peat boiler, but large plants 
for the manufacture of peat fuel, or any form of peat product, could * 
use this type of boiler for the production of fuel as well as steam, 
for driving the engines and other equipment requiring steam, instead of 
using the old type of boiler, and drying the fuel by some more ex- 
pensive or time-consuming process. 

After all this experimentation, it has been concluded by the most 
careful engineers working on the subject, that the most feasible way 

» L'tilliBllon ot peat on a iBrge wale. Engineering, Moy 13. ISOS. —^' ' 
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to dry the water from peat is by evaporation, using artificial heat, bnt 
as haa been pointed out, this ia too expensive to be practicable for the 
results obtained, and the processes or treatments which are proving 
most snecessfnl, are those which provide lar^ covered spaces Tipon 
which great quantities of peat, after it has been ^ound and kneaded 
and slightly compressed into blocks, can be exposed to drying winds 
out of the reach of rain, until the amount of moisture ia reduced to a 
aatiafactory minimum, after which it is farther dried out artificially 
and sold in this form, or ground and compressed into briquettes. 

Many forma of drying apparatus have been devised and patented, and 
some are regularly manufactured for use in artificially drying peat, 
and the last stages of the drying can he done in these cheaply, quickly, 
and very satisfactorily.. 

One property which peat possesses, in common with other matter of 
vegetable origin, is its power to rapidly take up moisture from the air, 
after it has been thoroughly dried (to 2 or 3 per cent of moisture, until 
it will have almost aa much water as it had in the normal air-dry condi- 
tion, 15 to 20 per cent, about as soon as it ia cold. 

This ia shown in the following table, which is the result of a series 
, of teata made in 1904 upon peat of several different types, by L. Kirach- 
braun, at that time analyst for the Michigan Geological Survey: 
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•Per cent gain 72 hrs.. No. 2, 14.77. 
No. e. 10.33. 

Nos. 3 and 6 were exposed during a rain storm between 12 and 24 
hours. 

The Jackson specimens were ^ery dark colored, fine grained and com- 
pact ; those from Capac bog. dark brown and of rather coarse texture. 
The gain iu moisture at the end of 24 hours in all of these specimens 
was sufficient to make a considerable change in the heating value of the 
samples, and shows the inadvisability of carrying the process of driv- 
ing off the moisture below 15 or even 20%^ except possibly from very 
black, finely divided types, which show experimentally that they only 
absorb a limited amount of water after they are once dried thoroughly. 
The snuie analyst tested the moisture content of a sample briquette 
tnnde at the Capac factory, which was reported, when made, to contain 
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but 3 per cent of moisture. It has been kept in a dry room constantly 
from the time of making untii analyzed, but was reported as follows: 

Capac briquette, moiature, 14.75 per cent. 

Because of tbis property, it will be seen that it is not necessary to 
fo to the expense of completely drying the peat to be made ipto bri- 
quettes, unless the process is one in which the dry peat runs directly 
from dryer to briquetting machine, and in which the briquettes are 
■coated with a layer of tar at the time they are formed, for if the dried 
peat in uncompressed form is exposed to moist air while in storage bins, 
it will almost immediately absorb water from the air to the extent of 
10 or 15 per cent. If, on the other hand, peat after complete drying, is 
■compressed immediately, without water-proofing, and the briquettes thus 
formed are allowed to stand in the air for a time, it will be found, 
upon analysis, that moisture has been taken up by them from the air, 
Just as it was by the uncompressed peat. That is, even briquetted peat . 
is hygroscopic, actively taking moisture from the air, so that it is use* 
less to dry it much below the air-dried coudition of the peat, since in 
the end it produces no appreciable good results, and entails expense 
for drying which is relatively high when compared with that of reduc- 
ing- to the air-dry state. It may also give the retailer a marked ad- 
Tantage in handling freshly briquetted peat, in that it enables him to . 
buy the product with a low moisture content and sell it after it has 
taken up 8 or 10, or more, per cent of water, although this may not 
more than compensate for shrinkage due to breaking and crumbling of 
the briquettes in- handling. 

It is apparent, from what has been said of the peculiarities of peat, 
that the manufacture into briquettes in large quantities and in such a 
way as to produce a steady output tliroughout the year, is not as simple 
' a matter as it would seem at first thought, and while there are in Bus- 
■sia and other European countries numbers of large factories which do 
produce them, and which seem able to do so with a satisfactory margin 
ot profit, the questions relating to entirely satisfactory processes are 
not yet settled, and new and improved methods of production are con- 
-stantly being proposed. Russia is reported as producing annually 4,000,- 
<000 tons of peat briquettes, and as receiving |938,000 for leases of peat 
deposits. Germany produces more than 2,000,000 tons, and Holland 
and Sweden each more than a million tons of this type of fuel each year. 

Assuming, then, that peat can profitably be made into briquettes, 
there are two types which can be made from pure peat, besides those 
in which other combustible material is mixed with the peat before com- 
pression. The two types in somewhat common use are cold-pressed 
briquette and the seared briquette. In' the first, the peat is dried, 
^ound. and then compressed by hydraulic or other heavy pressure, 
since no cementing material is used, in a specially constructed molding 
press, into blocks of a given size and shape, which will be easy to 
bundle and burn. These blocks, which may be cylindrical, egg-shaped 
or prismatic, with, or without, rounded corners, are not covered with 
any moisture-proof substance, but have a slightly polished surface due 
to the pressure' of the mold, and, when wet, absorb moisture readily 
and swell up to the original bulk of peat and disintegrate if allowed 
to remain moist, as well as break down rapidly when burned, thus, in 
part, defeating tjie purpose of molding it. They are also liable to show 
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cleavage planes when examined closely, where the larger fpagments of 
the coarse peat have arranged themselves at right angles with the direc- 
tion in which. the compressing force is applied, and it is qaite easy to 
break them apart along these planes so ttiat they must be handled some- 
what carefnlly, and be transported and stored so that they will not 
get wet or very moist. 

On the other hand, they form a good heating and steam-producing 
fuel, which burns rapidly without smoke, and has a high calorific 
value, having lost considerable of its volatile matter by heating, in the 
processes of preparation and briquetting. It is for the production 
of this type of briquettes from peat, that several companies have huilt 
plants in Michigan. 

In the second type, the "seared" briquette, the peat is first pressed 
into hard, dense, blocks by the presses, after having been put through 
about the same treatment as in the cold pressed method, and then the 
blocks are heated sufficiently to free some of the tar and tar oils, which 
appear at the surface and form an impervious coating, preventing the 
absorption of moisture. This covering, also, gives a dark, smooth, oily 
or varnished appearance to the block and make it dense in texture on 
, the outside. Not only this, but the varnish of tar has a certain cement- 
. ing power to make the block resistant, and also brings the most easily 
ignited part of the block in contact with the Are. It is said that the 
briquettes of this type are slightly less rich in volatile matter than 
the cold pressed forms, hut that they have nearly the heating valoe 
of hard coal and do not crumble in the Are as do the other types of 
blocks. These may he used for any purpose where hard coal or any 
smokeless, very efficient fuel is required, as they burn readily in grates, 
heating-stoves, and furnaces, kitchen ranges, and steam boilers, givii^ 
a flame somewhat like that of wood, and a strong heat from the time 
the fire is kindled, while, because of the density of the blocks they hold 
their shape until consumed. In all forms of briquettes the combustion 
is so complete that none of the free carbon or unconsnmed gases escape 
into the open air, so this form of fuel has a considerable economic ad- 
vantage over either soft or hard coal. A large plant at ^Tiitewater, 
Wisconsin, and a smaller one at Bancroft, Michigan (closed), have 
been established for the manufacture of this type of briquettes. 

So much has iieen said in other parts of this paper r^ardiug peat 
coke and peat gas that little need be said here. 

The following analyses published by the Prussian Board of Trade 
and Agriculture, show the ultimate composition of Peat Coke I of the 
Ziegler process as compared with charcoal. 

Peat Coke I. Charcoal. 

Carbon 87.8% — 86.0% 87.6% 

Hydrogen 2.0%— 1.9% 3.1% 

Nitrogen 1.3%— 1.3% 0.4% 

Sulphur 0.3%— 0.3% 0.3% 

Oxygen '... 5.5%— 5.2% 4.7% 

Ash 3.2% — 3.0% 0.9% 

Water 0.0%— 0.43% 3.0% 

Fuel value=7,S00 calories Fuel value=7.800 calories 

14.800 B. T. U. 14,500 B. T. U. 
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Analyaig of Peat Coke II. 

(According to the Royal Chemical and Technical Experimental Station 
in Berlin.) 

.Carbon 7^.8,9% 

Hydrogen 3.59 

Xitrogeo 1.49 

Oxygen 14.52 

Snlphur 0.20 

Ash 2.50 

Moisture at 105° C 3.80 

Fnel value, 6,700 calories 
12,450 B. T. U. 

The fuel value of tbe coke ia high, as is shown in the comparative table 
given above, and it di^^i'^ from the'other forms of peat fuel in having 
little volatile matter, this having been driven off by the process of dis- 
tillation. This gives to coke the characteristics of charcoal in its com- 
bnstion and it bnrns with little flame and no smoke, and when once 
• thoroughly started, with intense heat, the temperature reached through 
its combustion being higher than that obtained by using any grade of 
coal. For this reason it might, as Hess has suggested, be useful ■ in 
cement-bnrning rotaries. It is a clean, free-burning, smokeless fuel, 
easily handled, has small ash content, contains no substances which will 
injure boilers or furnaces, and, under forced draft, will give a very high 
temperature. It is especially adapted to all metallurgical processes 
where ordinary coke and charcoal are now used. But for its coat and 
scarcity, there is no fuel more satisfactory. 

The quality of peat which yields the best coke is that rather low in 
ash, which will easily compact itself into a firm, dense block, after it 
has been ground and worked into a plastic condition. 

It is reported that, in Russia and Northern Germany, peat coke is 
used to some extent for firing locomotives, and that it is so satisfactory 
in that use, that the Russian government- is now making and storing it 
for emergency uses upon important railway lines. At present this form 
of peat fnel cannot be expected to compete, on a large scale, with coal 
in this country, but it could be used wherever charcoal is' used, and, as 
has been suggested, it might find extensive use in metallurgical opera- 
tions, especially in blast furnaces, for the manufacture of charcoal iron 
as a sulwtitute for charcoal prepared from wood. 

It thus becomes apparent that the preparation of peat for fuel in 
such form that it is easily transported, and approximately equals in 
heat-giving power the efficiency of the other fuels with which it must 
be compared, and with which it must compete, is no simple matter; that 
with each increase in compactness, portability and calorific power, an 
additional treatment must be given it. requiring more complicated and 
expensive machinery than the processes giving the leas compact forms. 
In these more extended and elaborate forms of treatment, if thev are 
to return a profit, the processes must be largely automatic and con- 
tinuous, doing away with human labor as much as possible and de|iend- 
ing largely upon well-planned and carefully placed machinery, which 
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must be capable of bandling, grading, and preparing lar^e amounts of 
heterogeneous crude material, rapidly and cheaply and of turning it into 
the maximum amount of marketable and efficient fuel. If this can not 
be done, then it is better to hold to the simpler forms of machinery which 
are easier to operate, and very much less expensive to bay, and with 
these, to make a smaller amount of the compressed, air-dry fuel, and . 
supply small and perhaps purely local marketa, with a fair margin of 
profit and success. 

As Affected by Coat of Preparation: The cost of preparing peat fuel 
for market is, of course, governed somewhat by the extent to which the 
preparation is carried, but in the more elaborate methods the cost is 
increased by the necessary charges for maintenance of the expensive 
plant, as well as for the more numerous operations, so that while cat 
peat, air dried, may be produced for less than 50 cents per ton, the cost 
of producing a ton of peat coke, having about double the number of 
beat units, ia 5 or 6 times aa much, |2.50 or |3.00 per ton, at the German 
mill, to which mnst be added the cost of selling, transportation and 
bandling. The coat of preparing the briqaetted peat is given by varioua 
writers as ranging from 1 to 2, or even 3, dollars per ton, and prob- 
ably would exceed the latter figure in many cases where errors were made 
in planning the plant. It should also be conaidered, that the situation, 
and especially the mechanical condition of the peat, affect the cost of 
production, and it is only the beat adapted and most uniform beds 
which can be made to produce a uniform and satisfactory product. It 
is probably true that it will be found, when all things essential are taken 
into account, that the cost of making briquettes of peat which will 
stand transportation and other teats satisfactorily, will not be below 
f2.00 per ton at the factory, and that tbia coat will be much exceeded in 
very many if not the majority of cases. 

Conchi8Ums: It may alao be veil to call attention in this place to 
statementa frequently made by advocates of the simpler methods of 
treatment of peat, that compreaaed peat is the only form in which the 
material haa continuously and auccesafully been placed upon the markets 
abroad, and that while the briquetted form is made and sold, that it is 
not a commercially successful article even in the beat European markets, 
as yet. These statements are in part, at least, substantiated upon a re- 
port on peat utilization in other European countries to the Nonvegian 
government made in 1903, and quoted by the U. S. ConBul-Generar to 
Norway in a report to the home government, in which it is stated that 
"Common hand or machine made peat is acknowledged to be the most 
promising article." 

So much of the literature relating to this question ia of the nature 
of advertising, or booming matter, that it ia not easy to be certain as 
to nil of the statements which are to be found in print, even in places 
where reliable statements would usually be found, hence the apparent 
contradictions appearing in this summary. 

I Bordtwlch, Henrj-. Special Consular BeportB, Volume XXVI. p. lie. WMhlngton. 1903. 
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MACHINEBT FOB THE PHEPARATION OF PEAT FUEL AND PBAT Lrrras. 

Id previous sections of this paper, various stages of the development 
of the manafacture of peat fnel have been discussed, and the underly- 
ing causes which have brought about the extended experiments have bewi 
briefly considered, and la this section a short account of some types of 
machinery for the gathering and preparation of peat for fuel and other 
uses will be given, and in addition, the names of a few manufacturers of 
similar types from whom illustrations, catalogs and other information 
relating to their machines may be obtained. It is not intended to make 
this a descriptive catalog, but simply to show how the machinery for the 
preparation of peat for fuel has grown in complexity and eflSciency as 
the experimental work of inventors and investigators has gone on. 

The 8layne or Slane as Used »» Different Countries. 

The earliest tool used in preparing peat for fuel, and one still in use, 
even where machinery has been introduced to perform the same work, is 
the slayne (Plate XXIX), or slane, a modified spade, with a blade nearly 
or quite two feet long and from 4 to 6 inches wide with a projection or 
flange 4 inches long and 5 inches broad, at right angles to the blade, hav- 
ing a sharp edge, which cuts the side of the block. This tool may be made 
wholly of iron or steel, or of wood, with steel cutting edges. The surface 
of the peat is first stripped of plants and the coarse and i)artly decom- 
posed plant debris making up the top layers, which are unsuitable for 
manufacture, by the use of ordinary tools used in clearing land, and 
straight ditches, with perpendicular sides, are dug for drainage. When 
the usable peat is exposed, the workman cuts into it with his slane, tears 
a block of it off from below and lays it out on the surface. The blocks may 
be 5 or 6 inches square on the ends and from 15 to 18 inches, or even 
more, long. Such blocks will weigh, as cut out, from 12 to 25 pounds 
apiece, according to the amount of water present, and the degree of de- 
composition of the peat, and a skilled man, used to the work, ia said 
to be able to cut sufficient material to keep two teams busy drawing it 
away, since he only cuts the peat and places it on the surface of the bog 
beside the trench from which it is taken, the loading being done by help- 
ers. In South Germany the workman stands upon the surface of the 
peat bed, which is from two to four yards broad, and makes vertical cuts, 
while in Middle and Northern Germany, the horizontal cut is more 
commonly used. In these regions, one workman cuts or marks out the 
blocks, with perpendicular strokes, beginning at the outside edge of the 
cleared space, and a second one cuts them off the bottom with horizontal 
strokes, using a specially constructed spade, and lifts the blocks up 
and lays them to one side, on the ground, to dry. 

In Ireland, it is said, that the vertical cut is generally used, the 
blocks being lifted by the cutter to the side of the trench made in dig- 
ging them, whence they are removed after they have somewhat dried, or 
they are taken green to a more favorable spot, a good workman keeping 
two helpers busy moving the blocks, or sods. 

The only preparation given hand-cut peat is to dry it by exposure to 
sun and air, generally upon the surface of the bog, but since rain causes 
the freshly cut blocks to break down quite readily, they are sometimes 
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protected by rough shelters for a time, the blocks being fi'equently turned 
over to inaure thorough drying on all sides. After the blocks have been 
dried for a time the surface- is much less readily penetrated by water, 
than when they are first cut, and they may then be exposed to the 
weather with little or no damage. 

In parte of Europe, in extensive hand cutting of peat, the workmen 
are employed in gangs of five, one who clears the surface of disintegrated 
and worthless peat, two cutters, who cut and lift the blocks from the 
trenches, and a loader, who picks up the blocks left by the cutters and 
piles them upon wheelbarrows, and the man who wheels the loaded bar- 
rows to the drying ground, usually the cleared surface of the bog on one 
side of the trench, which is smoothed up for the purpose. The peat i» 
turned from the wheelbarrows onto this space and left to drain and dry 
for a time, after which it is taken away and piled up in rows, each row 
being allowed to dry, in part, before another one is placed on top of it. 
Usually the blocks are left here to' dry for about a month, during 
^iiich time the water content is reduced about one-half, and then are 
piled up in store houses, or in large stacks, to be more fully dried. 
The stacks are usually built up on the higher parts of the bogs them- 
selves and after the blocks are thoroughly air dry, they are carted 
away to storage. 

Id tbe bogs where the peat is too wet, and soft, or too uneven, and ir- 
regular in structure, to permit of its being cut into blocks, it is either 
lifted in nets or dredges, as in Holland, and parts of Germany, or dug 
up in small blocks, which, after being drained, somewbat, are trampled 
under foot until ground up and rendered even in structure, and then 
cut into pieces and. pressed into molds with the hands like brick clay. 
Peat treated in this way, is more compact, and therefore better fuel, than 
ordinary cut peat. 

Machinery for Making Cut Peat. 

Machinery for cutting peat from the bogs was one of tbe earliest forms 
of improvement which was made in the process of making peat fuel, and 
it is stated that a machine for this purpose was invented in France, as 
early as the middle of the 18th century, and not much later, machines 
were in use for cutting peat in Germany, to a limited extent. 

A typical peat cutting machine, used at the present time in various 
parts of Germany, and extensively advertised, is the Brosowsky ma- 
chine (Fig. 19) made at Jasenitz, which was first introduced in 1843. 
since which time it has been much improved, and of which the manu- 
facturers claim they have sold over 8,000. By its use, peat can be cut 
and raised from a depth of 20 feet, or more, below the surface whether 
covered by water or not, hence wet bogs need not be drained, but may be 
cleared of peat without trouble, or those which have been worked as far 
as possible with hand labor, may be still further worked by this machine. 
The* essential part of the machine is the cutting apparatus, which con- 
sists of a set of three knives, forming a box open at top, bottom, and 
one end. This three-sided knife is fastened to the back of a wrought iron 
bar, by means of which the knife is forced into the peat. The bar is op- 
crated by a rocking pinion, and a shaft and crank. By turning the 
crank, the cutting apparatus is moved up and down, and with the 
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weight of the knife as it is lowered, the cutter may be forced into soft 
peat ae much as 36 feet, bat it should be noted that the machine can only 
be used at the side of the hole where the peat has been taken out. 



As the cutter has three sides of the block of peat to cut, oq the side 
where the bar is fastened, there is fixed a sharp, flat knife, the purpose 
of which is to cut off the form or prism of peat made by the downward 
passage of <he large three-sided *nife. Tliis cross-cutting knife is pro- 
vided with two chains wiiich pass over two cylindrical rollers, and by 
means of two levers, may be turned backwards or forwards. When 
the cutting apparatus is drawn up by means of the rocking pinion, 
this knife at the base holds the column of peat in place, since it forms the 
bottom of the box, and there are guides to prevent the column from 
falling over, which it might easily do, as it has a height of 3 to ft yards, 
and base of 24 by 28 inches. After one block of peat has been taken out, . 
the cutting apparatus is moved its own breadth sldewise on a frame. This' 
frame is of such width, that 4 cuts may he made side by side before the 
machine has to be moved back the width of the knife. To aid in the back- 
ward movement, one side of the three-cornered frame supporting the ap- 
paratus is flitted with two small wheels which fit into a groove in the 
supporting timber and lie underneath it. By means of a projecting 
level, the machine is started upon the two wheels and is then moved back 
by another level which fits into holes in the underlying beam. The 
price of these patent machines varies according to the depth to which ibe 
cutter can be forced, from about $110.00 for 2 yards, to f 145.00 f. o. b., 
for 6 yards. 

Two men can cut about 3.000 cubic feet of peat with one of these 
machines in 10 hours, and with tn'o helpers can produce from 10,000 to 
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12,000 blocks S ioches long and about 5 inches square at tbe end, in- 
clnding the arrangement of these in rows apen the drying fl«or. 

Another cutting machine which is in sotnewliat general tise in Europe 
is that made by C. Mnller of Dominion, in Pomerania, which is recom- 
mended for use under water and is also maid to be capable of digging 
deeper than other similfir machines. This cuts and lifts the peat in a 
cylindrical form from 2. to 6 yards high, according to the thickness of 
the layer. It is bo arranged that four colnmne of peat can be cut with- 
out moving the machine. When the cutting cylinder is poshed down to 
the desired depth into the peat, the column is cut off by a. knife, operated 
by levers, and this knife also holds the peat in the cylinder by forming 
a bottom for the cutting tube. As the cylinder with the column of peat 
is raised by one man, a second workman, with a spade, cuts the col- 
umn into pieces of uniform length, and lays them on a car, by which they 
are carrieii to the drying floor, alter which they are cut into smaller 
blocks and arranged for drying. 

A third peat cutting machine is that made by Earl Weitzmann at 
Oreifnagn, which cuts tbe peat to a depth of four feet Into rectangular 
columns, which are then drawn to the surface and divided into cubical 
blocks as before. 

Another German machine of similar type is that of R. Dolberg of Ro- 
stock, Germany, German patent 43106, but, wbil^ it is an efBcient ma- 
chine, it is not necessary to describe it here. 

Of dicing machines, which simply dig the peat from tbe bogs from 
a greater or less depth from the surface, and convey it by mechanical 
means to carts, cars or presses, and which are usually considered as 
essential parts of the outfit necessary to make compressed peat on any 
but the smallest scale, may be had in a variety of forms, to be run by 
man, horse or steam power, at prices ranging from less than 150.00 to 
several hundreds. They do not cut the peat into large blocks of regular 
size, but are constructed for the purpose of removing the material rapidly 
from the bog and giving a constant and sufficient supply to the presses 
or other machines used with tbem, at small expense, l^eae diggers ac- 
cording to claims of the makers, may be used down to depths of 25 feet, 
or more, below tbe surface, and are operated by a series of Archimedian 
screws, or may consist of an endless chain of small shovel-shaped buckets, 
each of which takes a small load of peat as it rises and carries it to the 
top of the elevator and drops it, much as tbe buckets of a grain elevator 
• work. 

Machines for Making Pressed or Condensed Peat. 

It has so frequently been pointed out that cot peat is bulky and fragile, 
as well as indifferent fuel, and that its efficiency and other desirable 
qoalities are improved by compression, that it need not be discussed 
again here. The simplest process to improve the quality is compression or 
condensation, the latter being the better term, since very little actual 
compression is used by the machines producing this sort of fuel. As the 
result of the treatment by the more improved types of machines, about 
one-third ot the bulk of the peat is lost, and when dry, it becomes hard, 
firm, nearly waterproof and is increased io efficiency as fuel. 

Mention has already been made of the treatment of soft, or very coarse 
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peat, by which it was shaped ia Bmall molds by hand pressure, and the 
earliest methods of machiae compreseioQ vere not much more elaborate 
than this, since the early forms of press were simple rectangular boxes, 
with a close fitted piston, which could be pushed down into the box by 
screws or levers, holes being provided for the water liberated by the 
pressnre, to run off. Compressed peat was made in Saxony, as early as 
1820. 

Later machines show development along many lines, but in addition 
to mere compression, most of them grind, or roll, the* peat and sub- 
ject it to B kneading process to break np the vegetable structure of the 
plant remains in it, in order to make it easy to get rid of the air and 
water which may be entangled in the cavities of these structures. Some 
of these machines have combined rolling, cutting, and filtering through 
coarse cloth, as the Mannbardt and Koch press, described by Percy^ as 
follows : 

"The principal feature of this press tonsists in the nee of a pair of large 
horizontal rolls covered with cloth to serve as a filter. On the cir- 
cumference of the roll, ribs of hoop iron are fixed obliquely about one 
inch apart, which support drilled iron plates surrounded by an endless 
band of cloth. The wet peat is torn to pieces and put in two hoppers, 
one over each roll, whence it is drawn by rake rollers; but in its course 
to the large rolls it passes through a series of three small rolls, fixed 
above each large roll, whereby it is deprived of most of its water. There 
are thus two streams of peat descending from the two hoppers and pass- 
ing, first through a pair of small rolls, then through a pair of spiked 
rolls and lastly through the two large rolls by which the remaining 
water is pressed through the remaining filter-cloth into the interior of 
these rolls. The peat now forms a pompact sheet which is conveyed to a 
knife-like apparatus, which divides it transversely, and then to circular 
cutters, which divide it longitudinally into blocks of the required 
dimensions. The peat is thus freed from water to such an extent that 
its further dessication may be effected in favorable weather, in the 
course of a few days, under covered, airy sheds, or in unfavorable 
weather, by artificial heat in suitable apparatus." 

The same writer describes a number of other forms of presses, some of 
which are still in nse, having been improved from time to time up to the 
present. A good peat-pre*ssing machine must be simply and strongly 
built, must run easily and without requiring excessive repairs and should 
be built so that it can be moved from place to place readily. It must do 
its work quickly, grind and mix the peat thoroughly and deliver the 
blocks well formed and of uniform hardness, which, however, need not 
be very great. The peat should be easily fed to it and the completed 
blocks readily removed to the driers. 

There are machines meeting all these requirements nojv manufactured 
in Germany, in this country, and in Canada. 

One of the most generally used machines of this kind in Europe, is that 
made by C. Schlicke^'sen of Rixdorf, near Berlin, which has been men- 
tioned already. This machine first appeared about 1860 and has been con- 
stantly improved until the present time. A late pattern has an exca- 
vating machine which cuts the peat from the bogs, when not too full of 

■ Percy. John, Met&Uurgy; Refraclory malerlHla and tucls, p. S31. London, 187S. 
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logs. BtODes. etc., and delivers it by meana of a long, sloping belt-and- 
bucket elevator, into a cylinder, in the axis of wliich a aliaft revolves, 
carry strong, projecting blades, which have cntting edges and which 
are arranged spirally, so that they force the peat aloi^. The blades 
are nearly, but not quite, in a true spiral, so that they act unequally' on 
the peat, thus grinding, cntting and mixing it, the more perfectly. 
There are no projections or blades on the inner surface of the cylinder 
and the finely divided and condensed peat pulp is finally forced out by a 
borizonta) screw, in the form of a continuous flexible, prismatic, block, 3 
by 4 inches in section, at the tail of the machine, where it is received on 
boards /t feet in length, which, as soon as filled, are loaded onto smali 
cars and run out to the drying grounds, where the blocks are laid out in 
rows and cut- with a knife into bricks, 10 inches long, and left to dry. 
They lose in ordinary weather one-half their water content in a period of 
two weeks, after which, they may be quite profitably dried artificially, 
or Ije left for a-longer time exposed to the air. By the use of this tyjie of 
machine, the peat is reduced one-third in bulk, so that a machine han- 
dling 21 cubic yards of raw peat per hour, delivers only 14 cubic yards 
of condensed peat in the form of bricks, or blocks,. 10 inches long, by 3 
by 4 inches in section, and weighing when dry. from 2% to about 4 
tons, in which condition it is good fuel, hard and tough and easily kept 
dry. A plant of this kind includes besides the excavator, elevator and 
grinding press, a 10-horsejK)wer portable engine, which uses peat r«f- 
use for fuel, and cars and tracks for removing tKe blocks from ma- 
chine to dryer, etc. Since the whole plant is portable, it may be placed 
on the further side of the bog to be worked and moved backward as the 
peat is taken out. The cost of such a plant complete, is about |5,000, 
ready to operate and its operation when used without machine or dij^r, 
takes 19 men including the engineer and fireman. 

Horsepower peat machines for compressing peat are manufactured 
by a number of European makers, among which is that made by K. l>ol- 
berg, which requires to run it, a good stout horse, 6 men, and a boy to 
lead the horse. The machine is placed about 8 yards from the edge of 
the peat bed, with the opening to the press turned toward the bog, so 
that it may easily be reached. In operating this machine the horse is 
Iiitched to a traction beam about 18 feet long and 4 inches square at 
the smallest end, and if the ground is soft a Ward or plank track must 
■ be laid, or broad shoes, such as are used in gathering marsh hay. fitted to 
the horse's feet. Tlie peat is dug by hand and thrown into irregular piles, 
from 25 to 50 feet hi"oad. according as the peat is deep or shallow. 
The digging requires one man, and a second wheels the peat to the ma- 
chine, which is fed by a third, who is general foreman and especially has 
to see that the horse keeps up a uniform gait. A roller is fastened under 
the mouth piece, in the same direction with it, to receive the finished peat 
as it comes from the orifice of the machine, hence the roller must be 
more or less inclined according to the consistency of the peat, so that 
Ihe manufactured blocks may neither choke tlte machine nor be torn 
apart; the rollers must be adjusted high enough so that the peat table 
rolling on them stands about 4 inches from the mouth-piece. 

The boards on which the condensed, peat is received, are placed on 
the rollers and the peat block is cut into bricks with a knife as it comes 
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out. Afl fast as the boards are fnll, tbey are lifted into a cart, and 
when the cart is loaded, it is driven off to the drying ^ound foy two 
other workmen, who onload and arrange the blocks upon the ground. 
In this work, two-wheeled carts, taking about 16 boards of 10 blocks 
each, and running on board tracks, are used. The wheels of the cart 
are so placed that the weight of the peat balances the load and makes 
the work of pnshing them easy. 

The machine itself, consists of a revolving, spiral cutter and is en- 
closed in a stout, iron casing, with a hopper-like opening at one side 
near one end, and the opening for the condensed peat at the other. If, at 
any time, the spiral, or the mouth piece is stopped by pieces of undecom- 
posed wood, sods, stringy material, or too dry peat. It can be cleaned 
through openings in the side of the casing, provided for this purpose, 
or the mold and mouth-piece may be opened and the cause of the trouble 
quickly found and removed. 

If the horse is to work the machine easily and satisfactorily, the 
Iieat should be put into the machine so wet, that when the blocks are cut 
off at the tail of the machine, they will be only sutBciently solid to hold 
their shape on the board. This is contrary to the belief of inexpert work- 
ers, who think that the peat should come from the machine dense and 
solid, but a much larger and more satisfactory output can be obtained by 
working the peat wet, and the drying goes on about as rapidly, since the 
grinding and kneading increases the capacity for drying and contraction 
so that in 2 weeks of good drying weather, the bricks can be piled. 

With the horsepower machine, the chief points to look out for are that 
the horse keeps going steadily and that each man keeps up with his spe- 
cial part of the work and the duty of the man who feeds the machine, and 
who is also foreman, should be to see that the horse keeps an even gait. 
If this is done the quality of peat blocks produced is uniform and each 
set of men has to be prompt in bringing up the raw material and in tak- 
ing away the finished blocks. Where this is done, and especially where 
the work is paid for by the thousand it is not hard to get a production of 
from 14,000 to 16,000 bricks per day with a single horsepower machine. 
When in nse, and peat has to be brought more than 75 steps, the machine 
should be moved to a new spot nearer the supply. 

In the Heinen horsepower machines made by A. Heinen. Varel, Old- 
enburg, Germany, the essential parts are a vertical cylinder firmly at- 
tached to a timber base, in which is the grinder and condenaing appa- 
ratus turned by a long beam at the top. At one side of the cylinder near 
the bottom is the delivery spout, so that boards for the reception of the 
finished product can run in it. The peat bricks made by this machine are 
about the size of those made by the others and are handled in much the 
same way. The manufacturer estimates from 8,000 to 10,000 peat bricks 
per day with one horse, as the capacity of this machine. 

Another manufacturer of machines for making condensed peat, is 
Weitzmann, who makes a machine which may be either used by horse 
or steam power, and which is said to work all kinds of peat without 
diCBculty. This consists of n horizontal cylinder, somewhat Farger at 
one end, where the hopper is placed, than at the other, or outlet, end. 
On top of this smaller part, is a short transverse cylinder of abont the 
same diameter. In the long cylinder is a long axis turned by a fly wheel 
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geared at right angles with it, upon which is bolted a series of powerful 
eteel blades arranged spirally, so as to give a forward motion to peat 
while cutting it and in the upper cylinder is a deeply corrugated roller, 
the depressions of which fit over the blades of the cutting apparatus, and 
materially aid in reducing the peat to a finely divided state. The pulp 
is pressed forward to the tail of the machine and out through a pipe, 
where, as in other machines, the block is received on a moving table and' 
cut up, and taken away to be dried. 

Peat presses are also made by G. Traskatis, Lyck, East Prussia, and 
Stutzke Brothers, Lauenberg, Prussia. Of American made machines 
which make condensed peat, the Itest known, and longest used is the Lea- 
vitt Peat Machine (Plate XXXI), invented by T, H. Leavitt, recently' 
deceased, who became interested in peat fuel manufacture about 1865. 
This is a machine operated by steam power, in which it is designed to 
break down the vegetable tissues and cells in the peat, liberate the air 
and water contained in these, and thus render the material plastic, so 
that it will become compact and hard when dried after slight compres- 
sion. The machine may be considered in two parts, the condenser, and 
the molding mill, which are separate but connected by a belt conveyor, 
and which togetlier occupy a space 6 x 10 feet on the floor and 10 feet 
high, exclusive of the engine and boiler. 

The condenser has a revolving cutter or "ripper" consisting of a series 
of spirally arranged knives on a small shaft just below the hopper, 
where it receives the crude peat and f^uts and tears it to pieces. From 
the ripper, the peat enters a series of three pairs of cast iron roils, 
each three feet long, with the lower roll of the first pair heavily cor- 
rugated to help move the material along. These rollers perform a rub- 
bing or grinding process which is brought about by a different rate of 
, rotation for each roller of each pair. The upper roller of the first pair 
makes 40 revolutions, to 20 of the lower; the upper one of the second 
pair 90, while the lower one makes only 40, while in the third pair, the 
upper one revolves 180 times while the lower one turns 60 times. After 
passing through these rolls, the peat, finely divided, and deprived of most 
of the air which it originally contained, has shrunk in bulk from 30 to 
50 per cent, and has about the same amount of water it had to start 
with. It is then in a pasty condition, and is received by the ttelt con- 
veyor, which is enclosed in a wooden casing, and carried to the hopper of 
the molding machine. This is an upright cylinder supported upon a 
heavy cast iron base nearly five feet high ; below the upright part is the 
molder, or press proper, consisting of two horizontal revolving cylinders, 
which are similar to the molds of brick making machines. Below this is 
a table made up of boards supported by a belt carrier, which receives the 
peat bricks as they come from the machine. The upright cylinder con- 
tains a series of semicircular shelves, arranged alternately on opposite 
sides of the chamber, and each with a series of radial slots one-half inch 
wide. A central shaft, carries, just above the shelves, a corresponding 
set of two-armed sweeps and a less number of single-armed ones. The 
former rubs the peat against the slielves and the latter help to press it 
down into the pockets of the molding cylinders, from which it is forced 
by plungers onto the boards of the table below in the form of blocks or 
bricks, 4 by 8 by 21/. inches. The capacity of the machine is 108 blocks 
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per minute, or dbont 63,000 per 10 hour dnj, which, after drying, 
amonntB to about 40 tons of good hard fuel. The blocks taken from the 
machine may be conveyed to the drying grounda or stiede by any conve- 
nient way, and may be spread out in rows or piled in racits, and left to 
be dried by the wind and air. The wet blocks commonly weigh about 
S% pounds, contain 80 cubic inches, and have a surface of about a square 
foot. The blocks shrink as they dry, and get to be nearly as hard as 
stone and impervious to water, the drying taking from four days to 2 
weeks, according to the weather, when they are ready for the market. A 
plant using this machine is in operation at Orlando, Florida, where it 
makes all the fuel used by the Orlando Water and Light Company 
which develops 500 horsepower. The capacity of the peat molding 
machine can be increased by increasing the speed, trial runs showing 
that it can produce as much as 400 tons per day without difficulty. The 
cost of putting up a plant equipped with this machine is figured at 
15,000, divided as follows: 

Machine fl.BOO 

One engine and boiler, 12 horsepower 1,500 

Shafting, belting and fixtures ;... 500 

Roughly constructed building 1,000 

Incidentals 500 

Total 15,000 

The cost of labor is also a very important item, which mnst be taken 
into account in considering the possibilities of manufacture of peat fuel. 
With this machine using 100 tons of crude peat per day, four men will 
be required to cut the peat from the bog and load it on cars ; a boy with 
a single horse, and two cars running on a tramway, can handle the trans- 
portation to the mill. One man is needed to feed the mill, one to put 
molds into the mill, two to take the molds from the mill, a boy, one 
horse and three trucks to transfer the molds to the drying ground, two 
men on the drying ground to empty the molds, a boy to take the molds 
as they cotne back from the drying ground and put them in the proper 
place, and engineer and superintendent. There will Also be needed two 
or three men and a boy, with a horse, to care for the dry fuel and house 
it at the proper time. The men and horses should be hired for less 
than f40 per day, and except in very wet weather, should produce an 
average of 25 tons or more of fuel per day. The air drying makes the 
production somewhat uncertain, as in very wet or cold weather, evapo- 
ration of the water from the bricks is alow and uncertain, unless there 
are covered drying sheds provided, which will increase the cost of the 
plant somewhat. It is supposed that all steam for operating the plant 
will be generated by the use of waste material from the bog. The 
product from such a plant should sell at from f3.00 to f4.00 per ton, 
where hard coal is sold at about |6.00 per ton, and for more where it 
is higher. By increasing the number of machines the cost of production 
could be lowered materially by substituting mechanical devices for some 
of the hand labor. 

There are numbers of other condensing and compressing machines 
upon the market abroad, a single maker sometimes advertising a half 
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dozeo types, ranging, in power required, from 1 to 50 or more horse- 
power, in productive capacity, from 5 to 50 or 60 tons of condensed peat 
per day, in price from f300 to |1,500, and in the number of men required 
to run them, from 7 to 25. AH of the German makers mentioned above 
advertise some form of press for making condensed peat. 

An estimate, given by Julius Bordollo, 38 Kingsbridge Ave., New 
York, agent for several of the large European makers of peat fuel ma- 
chinery, for a plant having a daily capacity of 10 tone of condensed 
peat, la as follows: 

1 peat press, latest design, with double breakers 
and mixere, mounted on wooden frame {1,200 

1 chain elevator, 30 feet long, complete with rollers 
and shovels 950 

2 appliances with axles and wheels for moving press 
and engine 700 

1 cutting table 100 

100 feet of rails 250 

6 iron cars for transporting the pefft to drying 

grounds 300 

18 horsepower engine 1,500 

Belting, boards, and sundries 100 

F. 0. B. New York $5,100 

This estimate does not include the cost of buildings and installation 
of plant, but these need not be large, since the press and engine are 
portable and can be sheltered by a very small structure. 

The cost of production per day, with this plant, is estimated as fol- 
lows: 

1 foreman $5 00 

1 engineer 5 00 

8 laborers 12 00 

5 boys 5 00 

OfiSce and selling expenses 10 00 

Boiler fed by refuse peat and waste from hog 

Total expense for 10 tons peat fuel f37 00 

Or cost per ton 92% 

A rather low et<tinmte. at the present jirires of labor, and should be ad- 
justed for each locality where a plant in to be established. 

Mavhinny for Dri/ittff and Briqiictting Peat: 

The advantages and disadvantages of drying peat by artificial means 
have already been dwelt upon at some length, in a previous section, and 
no further space need be devoted to the matter here, except to again en- 
force the Btatemeut, that no form of drier mn take rmc peat from the 
hog, and dry it by artificial heat, crcn to the air dry condition, except 
at a loss, vnless the heat thus used is vxistc from gome other induatry 
or process. It must also be remembered that where the peat is dried 
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at high tempera hires, it loses soDie of its volatile matter, which, by bo 
mu(.-h, may reduce its value as fnel for certain purposes. 

Early attempts at drying peat made use of chambers, in which the 
peat was placed and Bubjected to drafts of heated air or other gases, 
sometimes forced into the bottom and sometimes at the top of the dry- 
ing chamber, or kiln, by the nee of exhaust fans. 

Of different type is the Schonomen dryer, in which the raw peat is 
sifted, in order to extract from it the fibers, the DOD-flbrous part pass- 
ing into a vat of heated water, where it is thoroughly mixed into a fluid 
mass or "slurry." From this vat it is pumped by slurry pumps, into 
a Bo-catled chamlier filter-prees.' As soon as the chambers are full, the 
slurry pumps are changed about so that they pump air instead of slurry 
into the filter chamber, and a high air pressure is produced, which can 
be raised to 20 atmospheres, 300 pounds per square inch. The com- 
pressed air drives out all the overlying water and about one-half of the 
original water contained in the peat, through the bottom of the cham- 
ber. The cakes of peat formed in the press, fall out when the chamber 
is opened, and are broken up and transported to drying ovens heated 
by steam, where the partly dry peat is quickly and thoroughly dried. 
The steam drying ovens can be heated by waste steam from the briquet- 
ting machine, which is used in connection with this process. 

The Stabler process feeds the peat through rollers until it is crushed 
and ground very fine, after which it falls on a heating plate and is 
pushed forward by workmen to the farther end of the same plate, where 
it falls between rollers which grind it still more, and it is then conducted 
on intermediate heating plates back to the starting point. This process 
is re]ieated until the peat is sufficiently dry. 

By the Stanber method, the peat is dried in the open air for a time, 
then dumped into conveyor pits to be conveyed to the condensing ap- 
paratus. The latter is a band of wire gauze of large mesh, which passes 
under two rollers. These press the peat against the gauze and the free 
water is pressed out- At the end of the gauze band, which is 5 feet 
wide and 15 feet long.- an endless chain, provided with scrapers, causes 
the compressed peat to fall upon a kind of sieve shaker, which separates 
the larger pieces, the proportion of which should be as small as possible, 
and these are sent to be treated again by the rollers. The fibers and 
undecomposed vegetable matter which stick to the wire gauze are cleaned 
off by a revolving brush wliicli runs below if. From the shaker, the 
finer peat is taken by a vertical conveyor, and is broken into small 
pieces in a siwoial mechanism, as it passes along to the drying oven. 
This is a metal drum. 5 feet in diameter and '25 feet long, placed hori- 
zontally on i-ollers, Tlie cylinder is rotated, and a spiral stirrer inside 
of it is used to push the jwat forward, as it is dried by coming in contact 
with hot gases from a furnace. The cylinder is driven by a 50 horse- 
power engine, and the dried peat, after removal from the dryer, is 
crushed and hriquetted. By this process, a ton of raw peat is reduced 
to about 1/4 ton, containing about 100 pounds of water after it leaves the 
dryer, and is ready for the briquette press. Mention should be made 
of the tunnel type of drying chambers such as are used in drying briclc 
in some of the modern brick plants, Kelwtd and I^nge have patented 
such a chamber in Germany, patent number 22,i;2;j, and a similar de- 
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vice was used at tbe Jebsen peat coke plant in Xorway, At the latter 
place the air-dry blocks of peat, loaded on cars, provided with racks 
of shelves, were run into the cool end of the tunnel and Bohjected to a 
gradually rising temperature, until they reached the warm end, where 
they are heated slightly above 100° C The heat, in this case, was sup- 
plied by waste gases from the coking ovcnH, the dry, warm air being 
drawn through the tunnels by fans driven by electricity. 

The Cooley dryer, recently patented in the United States, consists of 
a series of broad, shallow, galvanized iron pans, arranged one above the 
other in steps, in such a way that they can be given a rapid vibratory, 
shaking motion. The series is divided into two parts connected by a 
chain elevator and each is enclosed in a chamber, the first of which is 
heated by steam pipes and the second by hot air from a furnace pro- 
vided for the purpose, and which burns the refuse material from the 
crude peat. The peat, air dried, or even wet from the bog, is ground 
by passing through toothed rollers, then elevated by a belt conveyor to 
the top of the first drj'er where the coarse matter is screened out, tJie 
flue falling on to the top pan of the dryer, from which it is shaken to 
the one foelow, and so on, to the bottom one of the series, from which 
it is elevated to the top of the second set of pans and again passed 
down, this time subjected to a higher temperature, after which it 
emerges, with lees than 3 per cent of moisture, in the form of a fine 
powder, and is conveyed either to the briqnetting machine, or to storage 
bins. The whole process by this system of drying takes less than an 
hour, if the peat is air dry, and but little longer when wetter than this. 

Machines for Briqnetting: The great development of the manufacture 
of various kinds of fuel into briquettes has led to tbe invention of many 
forms of presses in Northern Europe, where coal slack and washings, 
lignite, or brown coal, coke, sawdust and peat, either pure or mixed 
with each other, or with petroleum refuse, pitch, tars and other binding 
material, are all made into briquettes by the use of pressure and heat. 
When the question of using peat for fuel in this country was raised a 
few years ago, the highly finished, regularly formed, compact and ex- 
ceedingly neat, as well as efficient peat briquette, attracted the eye, as 
well as appealed to the imagination of those who decided to make an 
investment in the new fuel, and, as a result, most of the plants for the 
manufacture of peat fuel in America are briquetting plants, using, in 
sotne cases, foreign made presses and in others, specially invented 
machines. 

It has already been stated that two kinds of briquettes are made from 
peat, the cold-pressed and the "seai-ed." It may also be said that sev- 
eral types of presses are used for making the first kind of briquettes, 
of which the open and closed mold systems are the most important. The 
first of these gives large production, is easy to work and keep in order, 
and is simple in construction, while the second permits the use of higher 
pressure, hence gives a more compact product. 

The open mold system has, as its basis, a tube, open at both ends, 
into one end of which, a piston fits, the other eud being left open, and 
whose cross section is that of the finished briquette. The resistance pro- 
duced by the friction of the peat in passing through the mold gives 
sufficient pressure to make compact briquettes. In practice, when a 
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proper amoqnt of material has been put into the mold, the piBton 
descends and compresses it, then more material is put in between the 
piston and this briquette, the piston movea forward and forms a new 
Iwiquette, and at the same time forces the finished one from the open 
•end of the pipe. By this system, in practice no very great pressure can 
be used, as the amount developed is dependent npon the length of the tube 
and the friction of the finished briquettes against its walls. For when a 
long tube is used and the resulting high pressure, due to increased fric- 
tion is obtained, excessive wear, due to heating and strain, causes rapid 
deterioration of the machinery. To give increased resistance, with short 
tubes BO that higher pressure can be used, the tube is sometimes 
made to taper from the piston to the lower end. The machines in which 
the open mold type of press is used generally have the molds arranged 
in pairs, so that continuous motion may be obtained. This is reported 
to be the favorite form of briquette press in France and Germany and 
many modifications of it have been patented and manufactured. 

The Dickson press used in the manufacture of peat briquettes at the 
Welland, Ontario, bog, is of this type, and, according to Carter,^ in this 
press, for a mold or tube 21^ inches in diameter, a length of one foot 
■will give a frictional resistance equal to a pressure of 8 tons per square 
inch on the piston. By the use of this type of mold, with the highest 
practicable friction, heat may be developed sufficient to liberate tar from 
the peat and give the briquettes a waterproof covering. 

The closed-mold system is capable of many variations, but in one of 
the simpler forms, consists of a revolving table containing boles the shape 
of the briquette, but deeper than its smaller diameter. In opera- 
tion, the holes properly filled, are passed in turn under a powerful 
hydraulic press by the revolution of the table, and the briquettes thas 
formed are then immediately thrown from the mold automatically. 

In another form, the material is compressed simultaneously by two 
pistons forming the top and bottom of the molds, and in still another 
the molds are formed by depressions in rolls or wheels, which revolve 
either vertically, horizontally, or in a more or less inclined position. 
Where rollers are used, the product is frequently in the form of balls 
or egg-shaped masses, which are known as "boulets," or bullets, in 
France, where various types of coal waste are commonly sold in this 
form. 

The Dobson press, used at the Beaverton works at Beaverton, Ontario, 
is of the closed mold type, the bottom of the mold being formed by a 
block of metal, and the molds are arranged in groups of 8 under each of 
the two compressing pistons which work reciprocally, and each time the 
piston is raised, the mold cylinders tnrn one-eighth around. With each 
down stroke the piston forms a briquette on top of one which has been 
made by a former stroke of the same mold, thus compressing it a second 
time to make it as compact as possible. The power used with this 
press is furnished by a steam engine and the mold cylinders make about 
50 revolutions per minute, making about double that number of finished 
briquettes. 

The cost of briquetting machinery is higher than that for making con- 
densed or cold compressed peat, and ranges in average price from flO,- 
OOO or less, for plants of small capacity, 25 tons or less per day, to 
.. Peat Fuel, In Manufacture ind Vse. pp. 23-2S. Ontula Bureau nl HLaea 
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130,000 or more, for those having a possible output of 200 tons per day; 
these estimates are based on European figures and do not usually in- 
clude the cost of buildings and many minor sundries. 

In an estimate made in 1902 and furnished Mr. F. H. Mason,' U. S. 
Consul General at Bei'lin, by the eompany controlling the Stauber 
process of drying and briquetting peat, the following quotations are 
made for a plant with a capacity for putting out SO tons of briquettes 
pei* day: 

Buildings fl4.280 

Machinery 17,850 

Steam engine and fixtures vt,570 

Tram-ways and cars, etc 3,570 

Total 139,270 

When it is remembered that a plant for producing cold compressed 
or condensed peat, air dried, with a capacity of 40 tons of finished fuel 
per day, may be had for about 1-7 of this sum, it is not remarkable 
that the statement is frequently made, that in Europe the i-old com- 
pressed peat is much more largely made and nsed than the briquetted 
type, but it is also to be borne in mind that large peat briquette fac- 
tories have been in operation in Germany and other parts of Europe 
for some years, and have been apparently successful, especially in Rus- 
sia, and it is probable, that where the conditions are favorable in this 
country, i>eat briquettes can be made on n large scale and sold with 
profit, especially when the plant and equipment are propei-ly planned, 
and economically and scientifically managed. It must be considered, 
however, that it is likely to be the case that for .a long time to come 
the demand for peat fuel will not be from the large consumers, except 
in regions remote from the coal fields, but from those who use only 
small supplies, mainly for domestic purposes, nnd that this demand is 
relatively small, hence there is no i-eason for the development of large 
plants at the present time. 

It may be said regarding this matter, however, that existiug plants, 
wherever they have been built in this country, iiave had orders for more 
fuel than they have been able to make, and if they could have filled 
them would have been able to build up a still larger demand, since 
customers have expressed themselves as pleased with the qualities of 
the briquettes as fuel. Whether the same results would not have beea 
obtained with a well-pcepared article of condensed peat, made at much 
less cost, is still an unanswered question. 

Sfachines for the preparation of seared briquettes are of the nature 
of molding machines of the roller pattern, in which the rolls are heated 
sufficiently, either to simply liberate a i)art of the tar of the peat, or, 
in some processes which have been patented, to liberate most of the vola- 
tile matter, and form a coke, or carbonized briquette. The former has 
passed beyond the experimental stage, as noted in auotlier place, but 
80 far as has been found out at present writing, the latter process is 
not yet fully perfected. 

There are ho many manufacturers of machinery for briquetting various 
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fuels and other substances, that do attempt is made her to give a list 
of them, but it may be said that in a publication' of the State Depart- 
ment, at Washington, already mentioned, the names of some of the 
principal European makers of such machinery are given, together with 
much other valuable Information relating to the manufacture and use 
of briquettes. J. C. Bordello & Co., whose address is given below, are the 
American representatives of some of the prominent European manufac- 
turers and can be consulted where immediate information is required, 
and are prepared to famish various articles on peat. 

Methods of Coking Peat. 

Processes for coking peat have already been quite fully discussed, and 
the cost of plants for this purpose mentioned. But little special ma- 
chinery for the actual operation of coking has been required, since this 
is performed in some kind of kiln, or closed retort, similar to that 
used for making coke or charcoal, although several types of closed kilns 
of the retort type have been patented, but for rendering the preliminary 
operations of digging, grinding and molding, drying and conveying to 
the kilns, automatic, and as cheap as possible, several patented ma- 
chines have been developed, as well as those for recovering by-products 
from waste. Of somewhat different nature from others, is the patented 
coking process covered by U. S, patent No. 732,097 and controlled by 
F. C. Rockwell, Hartford, Conn. In this process, the standard kilns 
are 32 feet long, 3 feet 9 inches wide, and 5 feet high, each costing about 
$1,000, and having an estimated capacity of 6 or S tons of coke in 2i 
hours, the product costing, according to published flgures, not to ex- 
ceed f3.00 per ton at the mill. Not less than four of these kilns should 
be used for a single plant, and a larger number can be cared for by one 
man. In using these kilns, the peat has to be molded and dried before 
coking, as it does in other procesBes, and no special devices are men- 
tioned for these purposes, in the description of the process. 

Machinery for the Manufacture of Peat JAtter. 

A considerable development of special machines for the manufacture 
of peat litter and peat mull, or peat dust, has been made by the European 
manufacturers of peat working machinery. Those manufactured by A. 
Heinen, Yarel, Germany, are of excellent patterns and construction, 
ranging from a small hand machine, which has a daily output of about 4 
tons of Ijtter, to one having a capacity of about 20 tons and requiring 
an engine of or 8 horsepower to run it. These machines consist 
of toothed rollers, of large diameter, the teeth being long and more or less 
curved, to shred up the coarse material in the peat. The shredded mass 
in the hand power machine passes directly from the shredder to a hori- 
zontal, revolving, cylindrical sieve, where the finer parts are screened 
out, after which the coarse stuff may be baled, either by hand, or power 
balers, made by the same makers. 

Peat mull is the name given to finely ground peat, prepared and used 
in Europe for various purposes, especially as an absorbent and disinfect- 
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ant. This substaace is prepared in upright grinders run by pover, or 
even by band. The material fallB upon a sieve which eorts it, the floer 
parts falling into a receptacle and the coarser retained upon the sieve. 
The capacity of these machines is from 6 to 15 tons per day of coarse and 
about one-half as much of fine mull per day. 

In a properly arranged plant for the mannfacture of these products, 
the dried peat would be dumped from the barrows or cars which bring 
it from the drying ground, into the shredding machine, from which both 
fine and coarse material coald be elevated to a properly placed screen 
hopper, so that the finer parts of it could be sent by chute to a mulling 
mill, while the coarse material passes on to a revolving cylindrical sieve 
which still further cleanses and sorts it, the finer parte going to the 
muller and the coarse to a baler placed below. The fine material could 
pass from the mnlliag machine direct)^ to the packing machine, guch 
8 plant should not be expensive and could be run In connection with 
an eBtabliehment for making peat fuel, to utilize the fibrous top layers 
of the bog, these being plowed up and dried just as hay is, by exposure 
to sun and wind. See Plate 31. 

Hand machines for making peat litter are also advertised by Martin, 
of Ofenberg, by Paul Reusa, of Artern, Saxony, and by the Iron Works 
of Luneberg, and it is probable that Dolberg and other makers also 
produce some forma of these machines. It is probable that a corn shred- 
der, with somewhat stronger knives than usual would answer very well 
to shred the less woody forms of peat for small consumers. 

Devices for Carrying Peat from Bog to Factory. 

Devices for conveying the peat to the factory have been numerous, but 
mostly simple. In more extensive plants portable tramways of light 
rails are laid on the surface of the bog on which cars of small size are 
run, by man, or horse power, or infrequently by electric trolley. The 
latter could well be used where a lighting plant was used, or where 
electric power for any other purpose is developed, and would prove, 
in the end, economical and more efficient than other forms of motive 
power in use. In small plants, the peat is wheeled by band in barrows, 
or in small carts, drawn by a single horse, where the surface of the bog 
is not too soft. Both of these are expensive methods, even for a small 
plant, for the loads which can be drawn are light and progress is slow. 
In B few cases, it has been reported that the peat has been dredged 
from in and around bodies of water and placed on flat boate, which are 
poled or rowed to the factory, but much time would be consumed in this 
way in most cases, and a more satisfactory way, if scows were used, 
would be to tow them, when loaded, by a small steam or gasoline motor 
tug boat. 

In one case it was reported that the peat, in slurry form, was piped 
a considerable distance to the factory. A recently recommended method* 
is that the i>eat, in liquid form, be removed from the bog to a large set- 
tling or receiving basin, through trenches cut in the bog and given suf- 
ficient artificial fall to insure the flowage of the peat. This plan is feas- 
ible, provided that the water is present in sufficient quantities to mix 
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-with the peat, but in manj Michigan bogs it would hare to be pumped 
into the ditches, and mixed with the peat, to make the latter Bubatance 
fluid enough to flow. 

It ie apparent from atatementa made in this and preceding sections 
of this report, that the study of this interesting natural resource has gone 
much farther in the countries of Northern Europe than it has in 
America, and especially has the investigation of the commercial possi- 
bilities of peat, and the development of compact, bandy, and durable 
machines for the manufacture of the various products to be derived from 
it, gone far beyond tlie experimental stages. It is, therefore, not necessary 
for manufacturers or inventors to begin at the beginnitig to develop ma- 
chines or processes of utilizing peat, since, In the great majority of cases, 
they would probably only repeat the errors of those who have gone over 
the same ground abroad. At the present time it would be a great sav- 
ing of time and money to study the latest and most improved products 
of the most prt^ressive foreign manufacturers, especially those of Ger- 
many, and the recently prepared reports of investigations into the possi- 
bilities of peat ntilization. issued in the technical journals or In 
form of manuals and popular guides, and in the proceedings of 
the European peat culture societies, before deciding upon invent- 
ing new machinery, or new processes of preparing peat for fnel, 
or for other parposes, for in many cases, most in fact, it would be found 
that the projected plan had already been tried, and if a practicable one, 
had long ago been embodied in a machine, and perhaps abandoned tor 
a better one. As was recently stated, there is no such thing as a really 
secret process for making peat fuel, since all the secrets of the sub- 
stance were long ago discovered and made known, and the sooner in- 
vestors and inventors realize this, the sooner there will be in the United 
States a well developed industry based upon the peat deposits which 
are so widespread and extensive within the nation's boundaries. 

Peat Factories and Peat Prospects m Michigan, Established or Projected. 

There are several plants for the manufacture of peat fuel established 
in the Southern Peninsula, some of which have, within the year (1906), 
produced some peat, but none, so far as known, are yet running on fall 
time, or are producing peat fuel in quantities. The plants of the Ameri- 
can Peat and Fuel Company, near Capac, was, as noted elsewhere, leased 
after a trial of 30 days, and later sold, to a company which took over 
the property to manufacture paper and other products from the peat, 
which seemed especially adapted for this purpose, being rich in fibrous 
sedge and grass remninn below the top layer. — The Pilgrim Paper Co. 
of N. Y. and Capac. 

The Peat and Fuel Company was to make briquetted peat, using the 
Cooley dryer, and a specially constructed press. The briquettes made 
were of sufBcient density, aud of a light brown color, but were easily 
split and quite brittle, so that they did not stand handling well. This 
seemed, in part at least, due to the coarseness and lack of cohesiveness 
of the peat, but as it was compressed into briquettes without any pre- 
liminary treatment except drying, it is possible that this might have 
been remedied. The Capac bog is described in Part I of this report. 

The National Peat Fuel Co., of Chelsea, has a good deposit of peat on 
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tbe border of the town, and Dear the Michigan Central R. R. The 
building ia a Bubstantial bat small brick structure, and small openings 
have been made in the surface of the bog and some peat has been talien 
out by hand, but no great amount of fuel baa been made. The plant is 
equipped with a press for matcing briquettes developed by the owners. 
The plant was, nt last accounts, closed down indefinitely. 

The Bancroft Peat Fuel and Cement Co.. Ltd., Bancroft. This plant 
was equipped for making briquettes after the system in use at White- 
water, Wisconsin, to manufacture seared briquettes. The peat was dug 
from the Ik% with a steam digger and it was reported that the surface 
material was used for litter. Tbe plant was operated a part of the sum- 
mer of liM)5, but no report was obtained of the actual output of fuel. 
The bog on which it is located is reported as having an area of 700 acres 
and has been partly cleared, ditclied and drained, the draining, as usual, 
causing some settling of the surface. 

The Michigan Peat Co.. Eaton Rapids, are reported as having a plant 
equipped for making briquettes, using a patented English system in 
which the peat is electrically treated before briquetting, to hasten the 
process of drying. 

The following companies have established factories, for making con- 
densed, or cold compressed air-dry peat fuel : 

The Michigan Peat and Marl Co., Grand Rapids, equipped with a 
Heinen press. 

The Wolverine Peat Co., Vicksburg, equipped with a Rolberg press. 

Carl ii. KleinsMtck. Kalamazoo, is reported by local newspapers to 
have manufactured some pretwed i>eat fuel for local consumption, but 
no details of bis e^piipmeut have been obtained. 

A company called the Van Biiien Peat Co.. Gobleville. has been organ- 
ized, and is planning development of bogs in that vicinity. 

A plant is re|>orted as in operation in Mecosta county near Big 
Rapids, but no information relative to Ua equipment has been obtained. 

Beds of i)eat of considerable extent, which have at some time been the 
basis of prospective plants, or for the organization of companiea for their 
utilization, are i-cported at or near the following places: 

Kalamazoo, large extent. 

Thi-ec Rivers. large bogs, 2 miles distant, 

Minden Tp., Sanilac county, near Croswell. fl.OOO acres. 

Quanicaasee. 

8unimerfield township, Clare county, 100 acres in one body. 6 to 12 feet 
deep. (Harriacm the nearest town.) 

Hanover, 40 acres. 

Decatnr. 100 acres. 6 to S feet deep. 

Bass River. 100 acres, 6 feet deep. 

Morenci, 200 acres or more. 

The latter bogs are all too small for lai^e establishments but would 
supply fuel for local conaunijition, for many years, provided tbe peat is 
of average density and fuel value, since each aci-e would furnish from 150 
to 200 tons of dry fuel for each foot in depth, after the surface material 
has been passed through. 
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Conclusion: 

It 'vs probable, aa bas been intimated elsewhere, that the best way in 
which quick and sure returns may be realized from peat bogs, is by 
developing them with the idea of supplying small local markets, rather 
than attempting to compete with the better known and more widely 
u^ fuels on a large scale. Where the former course is taken, a rela- 
tively small bog, a small investment, and a local market, with a limited 
requirement in quantity, should mdke a combinatioii which should be sat- 
isfactory to the owner and investor, who could then afford to give his 
customera a fair price, which should run considerably below that paid 
for ordinary fuels and still give good profit. When the numerous hogs 
of Michigan are thus utilized, as many of them will be, before many 
years, the peat fuel industry will be placed upon a proper footing. 
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(Sea ■Iso list ol L>Un and common ipedflc name* on frei 381 to 280.) 

A. 
Abkfl InlMmea, toe BeiIsui]. Pace 

Acerrubruro , 14T, 150. 168. 283 

gacchuum. Bee Hard Uaple. 

Bplcalum, see Uountaln Uaple. 

Acetate ot Lime 3D1, SOS 

Addlty, peat 320 

Adda, organic, mucli land 3S1 

Acknowledgment a 301 

AconiB Calamus, see Bweet Flag- 
Acre or peal, tons of luel 277.318 

Adama, C. C. dted 173,370 

Adder's Tongue Feni 1« 

Admoat, Auatrla, p«at tetted tor paper 308 

Aeiating system. Tamarack 180 



Agricultural cropa, peat Utter 2SS 

pocslbiUtles, peat bogs 270. 28V 

AgRutlialba, see Red Top. 

byemaljs. see Hair Grasi. 

Ait, peal lonnatlon 171 

Akron, township marsh land 100 

Alder iwamps, peat deposits ol 131, 12S 

Alders 168, 195. 210. 311, 21^-317, 230, 838. 242, 243 

Alc« 13S, 309, 310. 231, 323, 333 



Algal depodt 203^10, 247. 363, 270 

Algal Lake 203.204 

Allima plantago-aquatlca, water plant 129 

All«i, i. B... analyses 1 337, 336 

aeknowledfrnenta. 301 

W. H., peal analyses 331 

Atana. lllcoldM mucronsla at 163 

moraine dam 117 

Pine river, dam '. 118 

Vacclnium cMrymbosum at 163 

Fennsylvanlcum at 102 

AInus Incana. see Alder and Common Alder- 
Alpine Cotton-gram. 201, 203. 384, 282 



Bis. see June Barry. 

America, peat, early used In , 313 

American Aspen 281 

American Mounlaln Ash 260,280 

American Wood Blrawberry > 2S6, 280 

Amce slane. Plate XXIX and 101 

Ammonia In peat 293 

47 



AmmonJum nilpb&tt. nlu*t«i fonncd with p««t SIO 

iMKt coke bj-pToduct 301, »» 

ArnlTM*, Ulchitui Celery nU 2M 

Uletilgui pe>t 337 to 333, 338 

peat coke , '. 30& 

Andromeda 148. 149, IM. IM to 289, 281 

crowth at. Fig. 13 101,235 

FoUtoUft 146. I4S, 164. 281 



lllccddea mucronatk at.. . . 

Spimm IDDienloaa kt 

TiiQuack It 

tUl plain neu 

Vacdnlum Cuuuiciiae M... 



Ann AiboT R. R.. bod 109.154 

Anthradle Kid coked peal 33G 

Antolne, lAke, pine ■•tatand," Plate XXIIl 101 

Aquatic plant aodetlea 9SB 

plants aaO. 324. 226. 274 

Alalia hlaplda 162. 284 

Bee Brlnl; SampartDa. 

nudlcaulli ■- 1 50 

Arbor ViW 100, 118, 123, 135, 180-103, lOB, 302, 203, M», 266, 281 

Arcada townriilp, beaver dam 168 

ArctoslapbyUo* Dva-Und, tee BeartMny. 

Area, peat depodti 318 

Arethusa 30S 

Artiona. BunehJne 113 

AronUarbutllolia.... 163.282 

See Choke-berry. 

nlEiB 147-14B. 167, 165-282 

AITOW bead 12». 241. 248 

Arrow-arum 130, 141 

Arrow-fran 210,281 

Anndo PhragniUee, peat formation 126 

Asdeplas Incamala 144, 383 

See Swamp UOkweed. 

Byrtaca 144 

Alfa, peat 3ie, 320, 326, 320, 330-335, 341 

Alfa lo conunerdal yalue, rdailon of 32& 

Atpen 156. 189. 197. 211. 314. 266, 281 

Asphaltum, peat coke 303 

AMer 2I» 

Aater Junceus ' 140 

punlceus 144 

Athabasca, beayer domt IBS 

Atklnion, 0. F., peat fonnalkm 138. 173 



Austria, peat papa made ll 



Baclerta, igenu of decompofdllon 10ft 

Badwaler Lake, lake near. Plate XXIV. XXV. 224 

Balsam lSft-193. 195, 196, 221, 241, 249, 281, 282,264,266 

Balsam Plr 



1,284 
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Btlnm. Bpnioe bog at 101.333 

Bkaciolt Peat Fuel and Cemant Comituiy: 360 

Bancroft, seared briquettea made at 340 

Barren Strawbenr 327,384 

Baa Lake, tam IIS, 133. 161. IM, IS3 

Basi Kiver, peat boss 8«0 

Basnrood 188, 190, 181, IM, 204, 3B1. 281 

Batiachluin. water plant _. 138 

Bar county, prairie..^ 134 

Beach, A., refcience ITS 

Beaked Hawtaut 336, 382 

Bfal. W. J., reJfrence 173 

Bear Lake, burled peat near MS 

Bcarbeny 236. 248. 2St. 381 

Beayer dam, Negaunee. Plate XIV and XV 101 

Beaver dams 119, 167-168, 283 

Bebb'B Wmow 144. 211. 385 

Bedding, peat Hlter 298. 296 

Bednraw 140 

Beech.. 188. 190. 191. 196. 303. 281 

Baierberg. peat coke mejle at 303 

Banlley'a camp,. Black Spruce-Heath. Plate XXVIII A and B 101, ISS 

Bcasemer, matuie peat bog north of, Fig. 14 101, 186. 338 

BMUla lenta. see Black Blicb. 

lutea 180. 156, 281 

pumlla 143, 167, 1S3, 28t 

See Dwarf Birch. 

Blbllograpliy, peat 173,179 

Bldens BeckU 128 

cemua, lee »"«ii" Bur-Harlfold. 

• Big Raplda, peat plant 360 

Bin-board paper 308 

Birch -. 1«6, 304, 341, 266 

Black Alder 142 

Black Ash 186, 189. 193, 1B3, 196, 281 

Black BIndjiteed 267,285 

Black Birch 190, 191. 261.281 • 

Black sand, Uarquette 264 

Black Spruce 142.146.148.168.189.266.284 

Black spruce at BaUam, Plate XXVI , 101 

Black Spruce-Heath Amodatlon. Bentley'a camp. Plate XXVtII B 101 

Black Spruc«-Tamarack aasodation 242 

Black Willow 156 

Bladder Sedge 286,286 

BladderworlB..., 138. 129, 137 

Blanketa made from peat 308 

Block*, pmt pap«T 308 

Blue Flag 144. 229, 233. 238, 241. 242, 347. 253. 255. 256, 264 

Blue Grasa 285 

Blue Joint Orua 144. 168. 197. 306, 211. ZI6-31B, 330, 339. 231, 233, 238, 242, 246. 26a 264 

Blue Vervain 144, 219. 283 

Hueberry 148. 165, 194, 333, 248. 366, 274 

nueberriee 123 



cyllndrica 140, 143. 144 

Bog Qub-mOB 355,383 

Bog, defined 109. 110 

Bog Iron ; 254,824 

Bog. Lake Antolne 320,221 

Bog, mature 213,228,231,238.358 

mature border near Nathan, Plate XXII 101 

near Iron ilTti 237 

near Runkle Lake 
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Bos piMlti. F*unus SUtlon SIS 

MuHatlquc 2S9 

Boc neu Clan Lake 2S3 

Bog, vilDi, near Cunp Lake S90 

Bof , Biiruce »t Bklnuil U2 

Bog, T. 60 N., R. 30 W., aorft 3S3 

Bog. Vkller. neu- Onnlte Bluff 233 

Bog, Wlnterjreen 202, 210, 212, 213, SSS 

' "Bog lerophyWa" IM 

B»Ky Imke, T. 40 N., B. 30 W '. 230 

Boghead cannel coal 306 

Boss between Newben? and. Grand HaralS 340 

Bogs, cleared i 214 

Bogi, conHai type M7 

BOKB, CrTSlal Fall* 238 

Bogs, ecologlca] stud; 183 

Boga, HermanavUle SI2 

Bogs, Keweenaw Peninsula 240 

Bogs, roaluie. near Mary Lake 230 

Bogs near Amaaa 231 

Bogs near Badwater lake 234 

Bogs near Faunus 214 

Bogs near Marquette 2*5 

Bogs near Twin Falls 236 

Bogs near Vulcan 217 

Bogs. peat. Huron Uountalns f. 360 

Boga south ol CryMal Falls 333 

Bogs. Trout Lake 240,250 

Bogs, types of 2«2 

Boilers, peat luei tor 333 

BordoUo. J., acknonledgments 173, 353, 3G7. 361 

Bottle Bedge 211, 220. 233, 230, 271. 272, 284 

Bottotn. peat relation to 33& 

Bo;ce Lake, heath nvamp. peat depotlts 

Ledum GrcBnlandlcum 

Sphagnum 

succeaslon Of plants near , > 

Bracken Fem 

Bradford, O. U,, peat bog studies 

Brake, see Common Brake. 
Braaenla purpurea. Kee Water Shield. 

Briquelling peat *. . . .312. 3M, 3S4 

Brtalle-Blalked Sedge. . . , .- lOS. 208. 207. 210. 212, 384 

Bristly Crowfoot 282 

Bristly Saraaparllla 214, 260, 284 

Bristly Sedge.... 196. 230. 338,384 

British Thermal Units of heat, etc. (See Analyses) 334 

Broad-Leaved Arrow-Head Ul, 2I«. 238. 243, 281 

Bnnd-leared type of forest 180. 101, 260. 374 

Brosowsky machine, cut peat 101.344 

Brown. F. B. H.. cited 173 

Brown, R., peal lormatlon 125, 173 

Buck-bean 141. 143. 109, 201, 203. 206, 207. 212. 216-218, 222. 225. 226. 228, 230. 

234. 23fi, 23S, 242, 2£1, 281 

Buckthorn l»S, 202, 212, 216. 231, 281 

Bugle-weed 140. 264. 26S, 285 

Building ( ■ Heloiyle ■) peat paper 306.300 

Bulb-b«rlng water Hemlock 216, 218, 21B, 225, 343, 231. 285 

Bulldog Lake, algal peal 283 

Bulrush 201 

lone 20B 

Bunch Gracses 2» 

Bunrh-berTT lOS. 206, 213, 223. 237. 330, 237, 28a 251, 282 

Bur Oak 150 

BtjT reed 133, 220. 247. 348. 383 
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Buried pMit, Lftke Superior shore 243 

iiMT Uarquette ^3S2-3M 

Burning ol bofi 21B 

Burni. O. P-, peat In Dead Lake 128 

rererence 173 

Bualk Honersuckle 107.283 

B;-pToduct8. peal 200-305 



CadlllM, tMnarack peat 122 

Cal»iliacn>«tla Caoadetuii 144, 149. 168,282 

See Blue-Joint Oram. 

Calcareous boltom. Europe, peat fonnatlon on 13a 

Calcareous soil, water 181 

Calcium carbide 303 

Caledonia Bpiings, peat deodoriier 297 

CaUtonila, pe^t bosB 110 

Callltricbe blHda, see Nortbeni Waler-Btanrorl. 

paluMrls , 284 

CalopoKDii 203. 200, 310. 282 

Caloric cookera. peat u packiUE lor 300 

Calories In peat, 330,334 

Camp Lake 220 

spring bog near.. 230 

Campanula aparinaldes, see Hanh Bell-Bower. 

Canada Anttaone 310, 381 

Canada, beavei dams 168 

Blueberr? 148. 200. 206, 214, 223. 227, 232-234. 237, 230. 241. 24S. 248. 2m, 

2fl2, 204, 366, 381 

Golden-rod 144 

peat deodorlier 207 

peM fuel 313 

8t. John'B-wort 219, 204. 206. 284 

Cannd coal, orisin at 200, 210 

Capac Peat Company, peat tests 338 

Capac. peat depoatt, beaver dam MB. 16V 

peat paper 307, 300 

tree remains 170 

Capnofdea sempeivlrens. see Pale Corydalls. 

CwdbOBid 307,308 

Carduus muticua, see Water Thistle. 

Carex aquatlUs 139,284 

See Water Hedge, 
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flava, Bee Yellow Sedge. 
loUlculala. see Bladder Sedge. 
bTStrtdna. see Porcupine Sedge. 

leptalea 142.284 

See Bristle-stalked Sedge. 
UmosB 141, 145, l«l 



140, 3S4 

paudBon 147. 149 

Penno'lvanlca. see PcnnsrlTanla Sedge. 

riparla 160,284 

See Rlv^-bank Sedge. 

SaitwelUl 130, 141. 284 

sp.. water plant 130. 133, 134, 136, 137. 130, 143, 147, 150, 166. 1B4 

steriUs. see Uttle Fricklj Sedge. 

ateriUs cephalaniha 142, 143 



Carex Mrtctt 136, 1*3. 144. 284 

« See Tussock Sedie. 

lenelln 142. SS4 

See Boft-leaved Badge. 

teretliucula 141. 2M 

trlspenns 142. 150, 284 

See Iliree-lekTed Sedge. 

ulrlculala 138, 284 

Bee Bottle Sedge. 
Tulplnaldea, see Fox Sedge. 

Ctrpent«l. R. C reference 302 

Corpeti, made from i»eat 308 

CuTTlng tax, bog to Isctorj' 3fi8 

Ckitet. W. E. H., CsnMlft pe^c bogs Ill 

reference 173 

Can liver, moraine dam 117 

Cassandra 14S. 14S, 148. 14S, 163-160. ItM-lOT, lM-202, 205-308. 214. 310-218, 230. 

331, 333-339, 241-343. 34G--253, 3ft»-268, 302-340. 300, 282 

Cassandra, lake growth, Fig. 13 101 

Cassandra lolie 140, 147. ISO, 212 

Cassandn-Sphagnum zone 148. 140 

Castalla odoreta, see Sweet-scented Water Lily. 

Castalla renltormls 130 

sp.. see WUte Pond UI7. 

tuberoaa, seed plant succession 133 

Cat-tall 120, 130, 141. 14S, 104, 106. 206-207, 210-212. 216- 

318, 220. 227. 228. 234, 241, 243, 246. 347. 2S0. 271 

Cedar l»a, 169, IBS. 103-104, 314,216, 228. 330. 334,340, 273, 283 

See Arbor Vltae. , 

Cedar Lake, marl beds, peat 131, 133 

tam 116 

Cedar swamps 121. 120. 133. 103 

Ced»t-8pnice «>ne lOO 

101, 103, 300-200, 21s 



Conent burning lotarics, pott coke 

Censtlum vulgatum, tee Mouse-ear CbJckweed. 

CcratophyUum 

Cbamodaidine calyculala. 



CbunBnerlon angiutiloUum, see Great Willow Herb and Fire-weed. 

ChamberllD. T. 0.. reference 174 

Chan ', 126. 120. 131. 107. 331-333 

Chara lone 200 

Charcoal Iron, peat coke 240, "278, 341 

Charooal, Sphagnum pest 167 

Chadevotx, Fine Lake 117 

Cbeadley, beaver dams 168 

Chelsea, twg swamp, Folytrlchum > 126 

Chelsea, National Peat Fuel Company 331,360 

peat deposit 182 

Chelsea, elope bogs near 120 

Chemical compodllon, peat 310.320 

vegelable matter 109 

Cbenopodlum album, see Pigweed. 
Clilogenes hlaptduia. see Creeping Soowbeny. 

Choke Cheny 266.385 

Choksbeity 147. 140, 167, 196, 234,236, 247, 248, 250, 255, 257. 25S. 208, 374,282 

deuta bulbifeia, see Bulb-beaiJng Water Hemlock. 

maculala, see Spotted Cowbane. 

aonamon Fem 143, 206. 207. 241. 242. 248, 282 

Cladonia 124. 283 

Bee Rdndeer Uchen. 

Clara Lake, flora and sedge bog near 233' 

Clare county, peal bogs 300 

Clark, A. N., pent analyses ; 

H. L., reference 
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INDBX. 371 

4nuelflatloa UlchJiui peat depoatti lU, 120, 121 

Cl»y bdow pe»t 823 

CU«r tUl ndgta 1S8 

Oeulni boss 210 

CUnutlc condlUona ot, efhcti of od pUnU 130,201 

-CUinax stage. bOf 2S7, 2S8 

-CUmbing boc 120. aS4 

'CUntonlk 20«, 207, 827. 230. 237. 250, 267, 283 

boTOJia, see CUntonla. 

<3oaed Gentlui 364 

Coatt jasde from pcM 308 

■Coke, pcftt 2M-306, 34t 

-Cokliii peat 335, 3fi7 

ftoldnesa at muck 2M 

■Colo, Lena J.. 8t, CUlr delU 120 

TelaeonB 17* 

■Comanim palustre 141, 143. 140 

-CommorcUI Tilue of p««t OS. 317, 32S 

■Common Alder 1»4, S12. 313, 918, 319. 822, 324. 337. 838. 381. >34. 338, 

245, 248. SSI, 2S2, 2Sa, 2Se, 263, 266, 281 

Bladderwort 107 

Bluoberries 227 

Bnke ISO, 197, 214, 227, 234, 237. 24S. 2S0, 2S7, 2S8, 267. 281 

PloUlnK Fondweed 220. 220, 283 

HorsetaU 210, 330. 283 

Milkweed 144 

Folypodr 206,280 



Sundew 213 

•OompUktIve v»lua peat 32B 

Onnpodtlon. Hlchlcwi peat 337 

Oompoatlns, pest 203-206 

-CranptoDla perlcrln&, see Sweet-fern. 

ODndcoaatloD ol moisture, peat formation 368 

Condeimd pest, machines for inaklug 348 

'ODDcleton, peat deodoriier 207 

Conifer bof near Uanifleld. Flats XIX 101 

CoiUfcc type of bogs 2S7 

■one 310, 212. 222. 327. 230. 331. 242 

OomieT-Heath plant sodetlet 104, 365, 306 

'CoDlfer-Bhrub asKMlallon 243, 240 

Coniferous Swamp ForeM 101, 102 

Conaalidallon of peal depodt 138 

Contunlnatlon producing hl^ ash content 320 

-Ooole; diyer 3S4 

CoplU trltoUa 142, 143, ISO, 282 

Bee Qoldthiead. 
•Coniua AmoQum, see SUkj Cornel. 
Canadenils, see Bunch-berry. 



stokinltera 142, 144, 283 

See Bed Osier. 
Corpse plant, see Indian pipe. 

Camelon of frates 335 

CoTjluB Americana 1S7 

roatrala, see Beaked Huet-nut. 
Cost ot preparation, pest fuel 348.353 

peat coke 808 

-Cotlon-ira™ 230. 2B0 

'-Coulter, J. U.. relaence 174 

3. H., flora uiccesston 160 

a. 11., reference 174 

■Courtney, J. N.. analysee 331 

■Cow Wheat 237,283 

■Cowlea. H. C, cited , 100, 138, 160, 174 



INXKBX. 

P»«a 

IM. MS, 19e, 200. 210, 245, 24» 

See ilBo Luge Cruibenr wid Bmill Cnutbttir. 

O^plnE Bedse IM. 216, 22a, 251, 271, Z72, ZM 

8lu>wt>aTr..30a, 202, ZOe, 310, 212, 223, 223, 230,233,334,239.241.245.249, 250, SM, 384 

Splkeruab 133. 218, 334, 334. 23S, 243, 250, 2«S, 284 

CtCTlce plant locletlea 3SA 

Ontwell. poit bo«B 300 

Crowfoot fimlly. water plant 128 

Croiiei. A. A., Tetereoee 393 

CrucUote lis 

OtMbI FUta. boga uid Ukee near 1S5, 218, 231 

lake* and bogs gouth OF 233 

ClTstallioe rock outcrops, peat szamtnaUon in region of IBB 

Out peat, machinery foi making 344 

Cut-leaved Water Hoarhound 144. 318. 28» 

Cyde of plant growth 106- 

Cypripedium acaule 14T, 148, ISO, ZSft 

See Stonkas Ladles' Blippei. 
Cypripediiun reglnn, gee Showy Ladles' Slipper. 



Dal, Adirff, peat and elecCridtj. 30S, 327 

Dams, depOBils formed behind IBT 

Dana, J. D., peat bogs 110. 174 

S. L.. refereDce 174 

Danleli. F. P., reference 174 

Danlhonia splcata. aee Wild Oat-gran. 

Dark-green Bulrush 211. 282' 

Darwin, Chaa., peat 110. 174 

Dadphora trutlcoaa 144, 103. 28> 

Davla,C. A., peat In Michigan 93. etaeq 

reference 174- 

Dead Lake 132. 146, 159 

Decatur, peat bogs near 300- 

Deoodon vertkUlatui ISO, 133, 139, 140, 151. 162. 283 

See Swamp Loose strife. 

DecomposItiDn. agents of In Tcgetable matter lOfl, 183 

Deep bogs, peat with water or marl bdow 31» 

Deer Plrk life Saving Station, Lakes near 248 

Delta Bt. Qair river 1B» 

Denmark, peal fuel In IDS 

DeodoiJier and disinfectant, peat as 297 

Depotdts formed behind dams 187 

Depresslonfl filled from sides and top by peat ISO- 
formation of peat In I30 

Depth, peat depoalta 183, 318 

Dcsor, £., beaver dams 107 

driftwood dams in Manistique river 118 

on peat formation 12S- 



Deslructlve dlstUlallon of peat 299 

Detroit and St. Oalr rivers, marsh near 109 

beaver dams near 107 

river, sedge mamh 114- 

Dexter, sedge marsh, peal deposit near , 134- 

Diatomi In peat deposits 323 

Dickinson county, plant societies ot 184 

DIckstKi press, peat briquettes 35ft., 

DlervlUa Dierrilla, see Bush Honeysuckle. 

Digging machines, peat 846- 

Dlslnlectant, peat, farm use 398,397 

Dispersal of seeds lOB- 

Dissolved mineral matter S» 

Distillation, destructive ot peat S9» 

DlBtribullon, peal bogs and plants 






INDEX. 373 

DabaoD preu. tor maklos i>eat briquettes 3S5 

Dog Violet 298. 286 

Dogwood 142 

Dolberr. R.. peat machines 346. 348 

Dralnace. posidbtUtlce of in pest bogs 320 

Dioaeim ratundifnUa, wet Round-lMTed Bundew. 

Drumllnj. ptM ezsmiiutlan In r0oii ot ISS, 183, 214 

DiTlng vetX. mschlnerr 353, 3S3 

Dr7opteilB Tbeljpleris I40-14Z, 143, 144. 1*1, IfiT, ISS, 282 

aee Mush Shidd Fcrl 

Dulkhlum 146,218, 22B, 234, 238, 2U. 243, 24S, 24B, 262, 2G5. 2M. 2S7, 2es, 271, 282 

Dune regions lis 

D*»rt Alder IfiG 

Birch 142. 167, l», 184-218. 330. 236. 2S7. 281 

Bluebenr 148.223 

Rs^berr? 142, IBB. 206. 210, 212, 284 

Bt. J(4ui's-von 266 

Band Chenr 248.282 

Dye. peat 316 



East Friesland. rooors of 116 

Eaton Rapids, Ulchlgsji Peat Coiopuiy 300 

Edcerman, Qreat Swamp west of 249 

Ecologtcsl ladon 160 

study, bogs and marsbes IS3 

Ecology or peat lormation ., 105 

Economic dDnsidsratloiis, pest •. 277 

Edaphic factora 170 

El^t Kile Oeeti, peat bog oa 338 

Elseln, J. C, references ^ IIS, 176 

Electrical action, drying peat ' 337 

Electricity. pe»t. source of 380, 310, 327 

Eleocharis 130 

scicularis. see Spike-rush. 

palustria 183, 284 

See Creeping Bplke-nish. 

Eteratloit, Huron Mountains 360 

EUs, R. W., reference ITS 

Kim 142, 147. ISO. ISl, 204 

Elm and Black Ash swamps 121 

" EinbafTis " 1 18 



England, peat bogs ot lit 

peat paper made in 308 

English cannel coal, gas yield of 309 

Fen country, peal fonnation In 12B 

EpifKa repens, ne TnlllDg Arbutus. 

EpUoblum coloratum, see Purple-leaved WiUow-hecb. 

Equisetum 143,323 

aiyense. «e Common HorsetaiL 

fluvialUe 142, 2S6 



Erigeron PhUadelphicum. see Philadelphia Fleabane. 

Erioeaulon ■eptangulare, see Pipe-wort. 

Eriophorum 143, IM 

alpinum. see Alpine Cotton-grass. 

gradle 148. 382 

polyslBchyon 142. 146 

See Tall Cotton-giasL 

Taglnatum 148 

Vlrglnlcuin 14«, 283 

See Virginia Cotton-grsss. 

Eskers, peat eismlnatlon In region ot 188 

Estimated cost of peat plant 362 



374 IKDBI. 

EupMorlum potollatuin 140 

purpureum , I«0, IM. 3H 

See Joe P^e-Weed. 

Europe, pot boci Ill 

Exposed rock plant anctetlM SOB 

Extern, peat bedi in Hlchlfui , 183. 32S 



Fabrtra woven from peat SOS 

Fkcton«e. peat, Uichlpui 3M 

Fiyua AmetfcanB. see Beech. 

FbU. Delos. peat anmlyiei br 331 

False lilj-of-thft. Valley 143 

Nettle. Hate XVI 140. 20» 

Fanner, map of swamp dittrlbution. Plate XVI lOl 

FauDus Station. boK plants near SIS. 221 

Featber-boBTd paper 308 

Fea Orchis 1*3 

Fenton Township, Loos Lake 13T 

Fern association, sedie mat IM 

Fern "Islands" , 1S» 

Ferrous sulphate in peat 3>I 

.FertUiier, peat 208 

Fetid Currant 200. 28S 

Few-flowered Sedse 232, 228, 238, 23S. 839, 341. 343 

Few-seeded Sedge 314. 938, 336. 337, 330. 241, 340. 3S7. 3»4. 3T1, 373, 284 

mi«d Lake near Natban 301 

FUUnc, southern and northern lakes compared ■ 360 

trpei of 270 

Fir BaiMm 3St 

fire, not to be used to excess on muck land ^ 303 

Flre-prool peat paper ' 308 

Eire- weed 367.389 

Flm Blsier Lake, tamarack swamp at 133 

FIsIter, moon IIS 



Flal-leaTed Bladderwort 301. 236, 281 

Floatlns Bur-reed 36S 

tlamu^Faii 12S. 2se, 2«6. 383 

Pondwoed 107. 100 

Flooding by streams, peat bed* 331 

Flora, looal afflnltlea or 184 

EloilRts. peat Utter as packing material 300 

FloweHng fem 140. 143 

Fog, effect on peat growth 264. 308 

Fontlnalls , 100, 21& 

Ford river, bog plants near 215 

Forest, types of tn Northern Peninsula 101 

Fornta, north and south hillsides, in Huron HountaiDs. '. 361, 803 

FormatioDB of peat near UatUstique 264 

Formation of peat bogs 181. 3S1 

Foalet City, bogs near 214,315 

Four Mile L^e, Chara. marl the chief deposll 131 

Sedge maish at 124 

Fox sedge 38* 

Fragaria Americana, see Americall Wood Strawberry. 

Fraln's Lakes 151. 153 

France, peat fuel used In 311 

peat land In 110. Ill 

Fnmktort, plant distribution 183. 186 

Fraxinus Americana 147 

nigra. 156. 381 

See Black Ash. 
Frerburg. peal coke made at 
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INDHX. 37S 

Pace 
Frinced LooaestiUe, aee Stelronenik cillaium. 

PolTEBlm .'230.383 

F«ih, J., raOOTB - 116 



Fruits, peat nifgeatad aa pai^lnc bn 300 

Fuel In one acre at pc«t 377, 318 

Fud, peat as 311 

Fuel value or peat 383 

Funcl, acenti ol decomposillon 100 

a. 

Gale, tee Sweet Gale. 

GBllum ap 140. 14B 

GaUum trifldum ; 112. 382, 38B 

Sea Small GoDee-iTass and Small Beddraw. 

Oai. pwt 380,306-307 

GaulUierla procumbeaa. see WlnieTfieen. 

O^tussada reetnoea 142. 147. 148, 163. 383 

See Huckleberry. 

Gdkle. A,, lormatlon of peat 126, 176 

Genetic development, peat IBT 

Cennany, peat paateboArd manufactuied In 808 

peat briquettes manufactured In 330 

peat coke manufactured In 300. 341 

peat deodoilier uaed In 297 

peat depoaltB of 110 

peat dr^nase practice In 330 

peat fuel used In lOB, 311 

G«um itrlctum..., 144 

Oladal draloafe vallBys 110 

GlTcerla nervava 143 

GoblevUIe. Van Bursa Feat Companjr 360 

Goldthread 142, 306, 307, 310. 218. 333. 230, 3E0,.3B3 

Oooao grwB 230 

Grand Haven celery soil, analysis of 304 

Grand Harals 246,248 

Grand ftapfds. Hlcblcan. Feat and Hari Company 360 

Grand Traverse flay, barrier lake« 117 

Grand Trunk R. B., boss along 101. 124. 164-166. 158, 333 

Granite Bluff, valley bog near S23 

Graw marahee and bop, pwt depoedU 131, 124 

Granee 366.282 

Onlee for peat fuel 333 

Gratiot county, plants in , 133, 102, 163, 164 

Great Britain, peat fuel In 311 

Great Dismal Swamp, peat formation in 126. 127 

Great Water-dock.. 143, 316. 234.283 

Willow-herb 214.386 

Greater Bladderwort 211, 220, 241, 2S1, 281 

Ground Juniper 143 

Oyrostacbys cemua, see Lodiea' Trenee. 



Hair-cap Uo» 314, 233, 330, 233. 237, 338, 248, 260. 265, 366, 258, 375. 283 

Hair srase 267, 286 

Hairy Wood-rush 306 

Hall Hoon Lake, Alder swamp, peat depodt at 133 

peat formation In 130, 160 

plant assodatloDs around 133 

aedfe mats at ." 152 

Half-way House, Stuart's Lake near 347 

Hand machines, for manufacturing peat litter 368 

Hanovo-. peat bogs in 360 

Hard Maple 188, 100, 191. 196. 361. 383 

Hardwood foi^ type 189, 191. 192, 361 



37d INIOIX. 

Harriniton. U. W., relerence 175 

Rutwrlght'S PeirtcwU 210, 3II, 3ie, 2S3 

Hudelt Park, bof n«i IM 

Qnnd Trunk R. R., Fig 5 , . 101 

■Ink bole, uulysea of p«u tioai 3S2 

Hau m»de tiom peat 308 

Hauadlnc's Uandbucb der TotfsedwliutuciB 334 

"Hay marahea" 134 

Hilyward Lake, mannar iif Blllns IM, lOT, lOS 

Hazelnut 1S7 

Heal, In relation lo gnrwlng cropa On muck soUa 290 

aa a laccor In peat fonnatlon 171 

Heath bog. Mary Lake i aSS 

planta 102. IM. 230, 252, 2S7. 208, 3T4 

Bwampg, put depodta In 121, 123, 102-ieS 

Eonee IflS. 247 

Heath -Sphagnum lone 232 

Heating power of peat fuel 334 

"Hearing" of crop plants in muck Mfia 2S1 

Hedge Nettle 219,283 

Relneii, A., machinery tor making peat 349.357 

Helnrlch, water content of pe«t 101 

Helenlum antumnale, aee Bneeie-we«d. 

■'Helmcyle," paper for building 308-310 

Hemlock 18S-19S, 20*, 241, 249. 261. 262. 283 

Bfmlock- White Spruce- Bakam i]rpe oT forest 192 

Herb-Bphagnum aaaodatlon 264 

B<d>aceotu vegelalk>n.. 194,213. 214. 216. 228, 230. 239. 241, 249, 3e7, 264, 267 

Herba. In relation lo peat dcTelOptneikt 143. 144, 147, 188, 232 

Hermatuvllle, bogs near..-. ,. ., lOl, 212,214 

Heteranthera dubia, water plant 139 

Hill, E. J., reference 1T» 

J. J., coat animate of past c^dng plant 304 

Hllli, north and south idde, traesu on 301, 303 

HIppunu, water plant 13S 

Bbtory of peat aa fuel..., 311 

Hoary Willow 198, 202, 210, 212, 38» 

8e« Sallx caitdlda. 

Hobart SuttoQ. bog neair ISO, 104 

Hoban. White Cedar growing on peal depodt 12S 

Holland, moors In.... i 1I& 

peat fuel In 105. 311. 339 

peat land largely ullUied In 110 

Holmea, J. A., reference 17& 

HoMdji, moors In 1I& 

Hop Hornbeam 201 

Homed Bladdernort 242, 343. 281 

Homwort family, water apedes I2S 

Horaepcwer pest madilnes S4S 

Horaelail 334.333 

Horton, R. E., retereikce 17* 

Hoapltsla, use of peat In 398 

Houighton. pest bioga near 240 

Sphagnum growth near 2T5 

county. Bwamp arass 277 

Hubbanl. B-, beaver dama J 1«T. 17S 

Huckleberry 142, 245. 251 , 25S. 2S7, 383 

Hudson's Bay, peal muakeg Ill 

Humua acid, muck land 291 

Bum, R. W., marl or pest sampler 317 

Huron county, plants In 162 

glacial drainage valleya in 110 

■■prairte" 134 

Huron Hounlains, Uat of plants trora 386. 2M 



b, Google 



Huron flTer. cut off chumeli In ralle; of IIB 

mor^nal dun iccou 117 

Huron river, *l<w« bogi ia vMej of 120 

Bydropliytlc T«tBtMion 151 

Bfpertcum Cuikdenie. ue Cuudl&D St. John't-wan. 

Hrpnum, fiulUns. TdktloQ to pot lomutlOO 12*, 12S. ISA, 134. 1S8. 1S9. 303, 210, 

316, 316, 318, 33*. 331, 251, 367 

I. 

lie* TertlclU«l» 142, U7, 1*9, 163, 166. 28S 

Bee Wlntetbory. 

niGoldesmucTOUta., 147-140.163. 166. 38S 

See Uounlaln HoUr. 

HUnola. autuhlne in ., 113 

Imlay City, ilacial drainage valley IIS 

Impetlena blflora ._, 140. 143. 2§6 

Impurfllee, peaty mtte 301 

Independence Lake, peat deposit! at , 136 

Indian Pipe 1*7, 33», 267. 28S 

Indian Rice, wata plant 120 

Indiana, siuuhlne In 113 

Inialla Station. Hayward Lake new IBS 

Ingbam county, laltea, aedge mau on 152 

Intermediate Lake, barrier lonned lake 117 

Intermittent lakea 116 

Ireland, mountain bogs, formation ol 126 

peal depoelta ol 110. Ill 

peal fuel used eltenslTei; la 311 

peat paper made In 308 

Irij versicolor 144 

Bee Larger Blue Elag. 

Iron, bog , 254, 321, 324 

Iron county, plant sludiea in 184 

Iron Industry, possible use of patt coke In 278 

Iron Mountain. Badwater Lake near 224 

Lake An«dne near 21V 

River, bog near 237 















lalaad lake 







"Islands" of trees In bogt 201, 2*8 

Isle Royale. Sedge zones around lakes on 270 

Isoetes sp.. see •^illwon. 

J. 

Jack ptne I8S. 190. 102. 103.221. 222. 233.236.2*6.348,250, 261.267.261. 283 

Jackson bog. teats of peat frran 338 

county, peat analyses 328 

James Bay. peat muskeg Ill 

township, marsh land lOD 

Jebsen process, peal coke 30* 

Jefferson. M. 8. W., reference 176 

Joe-Pye Weed 140. 1*4, 211, 21B. 228, 28* 

Johnson, S. W., reference 176 

Jukes-Brawn. A. J„ tannatlon of peat ^ 136, 176 

JuncuB elTusus. see Soft Rush. 

ap.. see Rush. * 

tenuis, see Slender Ru^. 

June Grass 2B7 

June-ben; 3S3, 266, 285 



Juidpenia o 

nuia. ne Low Junlpei. 
VlrgUitBDft 



KtlunMoo Cdeiy Soil, *iuJr«ca ot 

Klaclal dr>liuf« villef ii«v 

pest fuel mtde at 

SBlmik gItucB 

S«e Pale l^urd. 

Keuner, T. H.. refereoce 

Ecdde, R. C. on lue ot muck tor oomponlnK. . . 



Kettle-hole bogB ne»r Vulcui 3 

Kettle-hole lake wtuth o( Norway 3 

Keweenaw Penlnmla, lakei and boft ot Z 

KldnBT-lesved Violet 302, 2 



ck. C a., peat tud n 
KoUer. T., moor*. ..; 



Kan. Wblte Hne Foreat near 

White PIna FraeM near. Flaw XVIII , . 
Kummel, H. B.. reference 



Laberge, Dr., mon Uttei used lor deodorUer b; 39S 

lAbradOT Tea 164, 104, 1S6, IM, 202, 203, 210, 212. 214. 222. 323, 327. 2l». 

230-237, 239. 241, 34G, 247, 248, 250-2G2, 2fi6-2Sg. 262-264. 266. 274. 283 

Ladles' Tresses 230,288 

Lake Antotne, early stsces of Sllinx shown by 21B-231 

Bphagnum bog neat 231 

Bulru^ 130. 13B. IH. 107, 201, 20e, 210, 211, 218. 330, 234, 238, 243, 34S, 383 

mirgiD at Nathan. Plate XXI , 101 

Uary, Spruce- Shrub- Sedxe bog near, Plate XXVII 101 

Hlehigan. Islanda, floral micceaiion In bog* of ISO 

peat fonnatlon near. Uanistique 264 

plant distribution near, in Henanlnee oounty 188 

near Badwater LaBe. Plate XXIV.. 101 

near Henominee river 219 

near Winona Mine 341 

Orion, White Cedar, peat deposit 132 

partly BUed 33» 

81. Oalr, water plants ot 13ft 

Superior, bogs and maishea near ISO 

buried peat on shore of 34B 

peat taimation near shai« of at Uarguette 351 

Lakeland , Daslphora trutlcoaa at 1S3 

marsh land aiound lOfr 

■edge marshes, peat deposit near 124 

tamarack swamps near ^ . 123 

Lake* between Newberry and Grand Uarals 246.348 

Lakea around Cryital Falls 328 

deep, near Blsger 334 

at Deer Park Ufe Saving Station 348 

on Keweenaw Peninsula 34(^ 



r MaAiuetle... 



northern and southvn. comparison of fining. . , 

near Crystal Falls 

la T. 4» S., R. 29. 30 W 
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INDEX. 379 

P>Be 

Lance-lMved White Violet 355,289 

Land SurfKe, prat depodti clasdBeil occordlos to 115 

plant dlatrtbutlon 188 

Lane. A. C, dted 106, Iia, 178, 184 ' 

Luutng. heath swampa, peat depodti nor 124 

Lm-bb CTMbeny 142, IM. 208, 218, 266, 257, 282 

Toothed Aspen 107,281 

Larger Blue Flac 211, 2IB, 219, 281 

Lulx laridna, see Tamarack 100, 140, 149. 2S4 

Late Golden-rod 219. 282 

LathTTUi paliutria. Me Uanh Pea. 

Leavltt, T. H., adcnondedfment* ^ 176, 301 

LmtIII peat machlan?. Plate XXXI 101, 313. 350 

LeConie, J., pe»l bos* IIO. 170 

Ledum Gnsnlandlcum, gee Labrador Tea. 

Lemna irtBilca 140 

Leptorehls LopsdlU 143 

I.e«luereiU(. L.. peat tomiatlon 128, 170 

Lesser Bladderwon 210 

• L«s8eT Duckweed 200 

Panlcled Sedge . 141. 196. 203, 206. 207. 230. 284 

Leveretl. Frank, acknowledgments 186 

reference 176. 188, 246 

Islington, Mass.. peat fuel made at ■, 313 

lioliena 260. 268 

Light, a factor In the growth of plants 165, 170 

Lime acetate, peat coke, by-product 301 

LlmnodOTUm CuberoBUm, see Calopogon. 
LImnoTcbIa dilala. see Tall White Bog Orchis. 

hrperboica, see TaD Green Orchis and Tail Leaf; Qreen Oichls. 



LInnea Americana, see Twin-flower. 

Ust ot plants 281-286 

Utile Hemlock river, lake near 231 

Prickly Sedge 1B6. 236, 267. 284 

TravetHB Bay. pieclpltadon annmd 112 

Llttlefleld Lake, peat deposits on marl, at 117. 123 

Uverwort, peat fomatlon 134 

Livingston, B. E., reference 160, 176 

Livingston county. Aronla arbutlfolia m 163 

lakes, sedge mats in 162 

Spruce, peat deposits In 123 

Lobelia Dortmanna 128. 286 

See Water Lobelia. 

Locallly, types ot. examined In Northern Peninsula .' 188 

Location ol Peat beds in Michigan 326 

Locomotives, peat coke as fuel for In Russia 341 

Loire river, peat boga along, In France Ill 

Long Lake 137 

Long Sedge 284 

Long's Lake, Genetpee county 181 

Longyear. J. M., cost peat coldnf plant 304 

Lonkera oblonglfolia 159, 283 

Low Black Bluebeny 223, 227, 250. 266, 281 

Low Blueberry 234. 236. 237. 245. 250, 251. !5S, 258. 262. 264, 266, 281 

Juniper 265,285 

Raspberry ■ 212.284 

Luce county, analyses of peat from S28 

Ludtngton, analyses of peat from 330 

Lung diseases, peat smoke beneBclal In 333 

l^oopodium Inundalimi, see Bog Club-moes. 

I^TOpus Americanus 144. 283 

Bee Cut-leaved Water Hoai-hound. « 
LycopuB cummunls 140 



Lyndon township, moralnal lake in... 
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MacCourt, W. E., i 

' HacFarUne, T., reteroice 179 

HcLeed'a Lake, flora 0( M7 

Machinery, peat 312. S44. 346. 353. 36* 

Leavltt peat. Flate XXXI 101 

for maldDK peat Utter 343,317 

Ha«klnac laland. Tamarack an 164 

KcKone, W. J., aeologlcal Survey Board ai 

Uacleod. Rlrcr, beaver dama of 168 

UacMlUan, C. fonnatjoD of Sphagnum atoll* 151,170 

Kacellan Sedge 206,311,330.341,348,284 

Hacneaimn carbonate, peaty aoUa 301 

Uanlnlque, dami fonned by drift-wood on the, deaerlbed 118, 136 

peat formation amoiif (and dunes near 254-2M 

peal Hudiea at 1S6 

M«nn«-gt»aB 213 

Uannhardt and Koch pren. peat machine 347 

Uansfleld, conifer hoc near, Plate XIX 101 

Muufield Mine, peat depodt loweicd IM 

Maple (see Acer app.) 142, 303. 241 

rlrer swamp IIS, UO 

Mappe. Ludwlx. peat used as deodoriser by 307 

Marcbanlla, In early stafM of peat (oimatlon 134 

Matgiiial ba«lns 117 

rone, lake 206. 221, 370-374 

Market, location of peat depOalU In relation to 316 

Mail below peat ._ 334 

deposits. Chara 131. 133 

Marquetle. boES and marshes near 186 

buried peat near 263 

FU, 19 101 

forests on north and aouth hillsides near 262 

lakes near 245 

peat tormallon near 261, 252, 380 

Maiah Arrow-Krasi 203,381 

BelWower 211. 328. 334. 281 

dnguefcdl 141, 143. !»«, 107. 208-308. 210-213. 31fr-3I8, 230, 224. 225, 

338-231, 334, 338, 342, 243, 351, 2G3. 227, 263 

Maish. defined , 109 

Maitpild 206.230 

Pea 218. 283 

St. John's-wort 140. 21S. 220. 231. 234, 264. 266. 284, 286 

Bhletdlera 140. 141, 142. 157. 168. 106, IVe, 107, 203. 20&-208, 210-213, 

320, 338, 230. 231, 283 

Skullcap 211, 216. 384 

societies 28S, 366 

While Violet 141, 143, 105, 206. 307, 213. 230, 285 

WUlov Herb, Me EpItoUum palustre. 

Uarshee, ecological study 183 

Uartlo of Otenbuig. band machlaes, peat litter > 358 

Mary Lake, mature bog* near 230. 237 

Uaaon, F. H., estimates, peat briquettes 35S 

HassachusettG, peat deposits In 110 

Maitlngs made from peat 308 

Ualllson Lake, marl, Cbara 131 

Mattresses, peat Utter 3B8 

Mature bo« 312. 228. 231, 238, 2B7 ' 

Mature bogs near Mary Lake 230 

Haumee Lobe, moraine dam 117 

Meadowsweet 217-310,334, 233. 236. 238. 345. 252, 255. 283 

Mecosta county, peal plant In..., 360 

Melampyium llneare. see Oow- wheat. 

Helton, beaier dams in Canada described by 168 

i, plant distribution near 188,183 



INDEX. 381 

Uenomlnee county, pt»nt nudl«a la IS4 

ilyer, Lake near 210 

peal depoalt IBS 

r, plne,for«ta •long 1S9 

iwth oC la 275 ' 

Uentha Cuiadeiuli. see Wild Htat. 

MeoywitheB triloUata 141, 143, 147, 281 

S«e Buckbean. 

HeimnaD'B Lake 203, 304. 310-212 

lake near. Fig, 11 101,211 

Hetillurglcal proeateeM, peat coke (or 34i 

Method of devdopmeni. claari&caUoD ot peat aeeordliic to ISO 

Uktilsaii. acree o( muck land la lOS 

Hlchljan. dlwrtbuiloa of peat In. Ptate XVI, XVII and HI 

Michigan Feat aad Marl CcRapan^ 360 

HlchlBon Peat Company 360 

Hlcblgan, peal fud In 313 

Michigan, Pbydcal features 114 

Hlchllan State Board o[ Aiciculture Reporle, reteence 177 

HUlg. W. H.. peat formation at Eagle Lake, Ind 128, 177 

Mlmului rlngena, see Monkey Flower. 

Mlnden townahlp, Banllac county, peat bofs in 300 ' 

Mineral mailer, peat SOL 323 

MlnneMta. peat bog 110 

Mitella nuda. see Small BUbop's-Mp. 

Moisture, condenntlon of 314, SOS 

Holaeen, stock food 297 

Monkey Flower 819, 383 

MonotTOpa unlflora 147. 148, 283 

See Indian Pipe. 

Uontcatan county. Caseaadrm 

131 

IM 



Uoore, Schlmpet. . 

UoTBliial lakee 110, 117 

Moraine* 

Morend. peat bogs n 

Morgan, L. H., 

Mom bogi, peat d^oelt. , 

Mo«,. 168. 10». 207, 208, 215, 389, 366. 368. 37B 

Mountain Asb 232. 2S0. 264. 281 

See Ainerican Hountaln Atii. 

Holly 147, 233, 234. 236, 245, 24S. 350. 256. 266, ZS3 

Maple 230. 274. 283 

Mou»e-eM Cblckweed 267,285 

Muck and peat, dtitlnctlon between lOS. 28B 

Muck land, acres of In Michigan 105 

•oils, growing crops on 290 

■ In agriculture 289 

Water holding power of 290 

Hud Lake 122. 145. 151, 158. 159, 166 

heath swamps, peat depodt at 124 

sedge mat at 139, 1S2 

Spruce, peat deposit aroilnd 123 

Vacdnlum Pennsylyanicuni at 162 

Willow swamp, on peat deposit at 12^ 

Mud Sedge . . 141. 199. 307, 217, 218, 222, 229. 230, 236. 337. 341. 342, 251, 252. 255. 257, 271. 272 

Muller. C, peat culling machine dfscribed 346 

Hunlslng. peat swamps southeast of 376 

Munti and Lalne 3tO 

Myrlca Gale 159. 164, 284 

Myriophyllum, water plants. 128, 129. 132 

Myrtle-leaved Willow 196. 197. 217, 228. 236. 251. 252. 257. 285, 
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Nilu flBxlllB, ice Slendei Nalu. 

Nftldaceae, w&ter plant I3V 

N»th»n,mied Iske pear, Plate XXI, XXII tod 301,231 

p«at bo(, pond iieu 108 

Katlonal Peat Fuel Company, ChelBW 3W 

Naumbersia Ibyrrifiora. see Tiift«d I.oa«««tlU«. 

Negaunee. Beaver dam, Plate XIV and ZV 101 

Nerved Ifamia-ETass 143, 3M, 211. 217, 218, 219, 2S2, 2U, 2$6, 283 

Netberlanda, pait fuel In 311 

Hew BrunBwIclE, apha(nuiii for stable beddlni from 3M 

England peat tud In 313 

habltata In 143,163 

Bampahlre. Spiraea tontentoia, bablMU In IM 

Jeney, pe&t beds In 339 

York, pest bogs of 110 

guiuhlne in 1J3 

N«wben7 celeiy soil, analyds of 204 

Great Bwamp Dear 346. 348 

p(«t Etudlea In vidnlty ol 186 

Newcastle cannel coal, gas 300 

Nlcb-e-waugb Lake, Chan, mail „ 131. 132 

Nightshade I4i 

Nlllsan, S. H., ecological [actors according to 160 

Nitrates, pest In production of 310 

Non-conducting packing material , 300 

North Caroltoa, peat bogs in Ill 

Kortli side of iiUls, woodland 361,363 

Noitbem and Southern takes. compaiiaoQ of filling 26S 

Michigan, plants, general distribution of 138 

Peninsula, climbing boga in 130,264 

peat bogs, formation, character, distribution 181 

Sphagnum and pest tonnatlon 374 

Water Slar-wort 3M,2S4 

NoithQeld township, pond in ISt 

Norway and Jack Pine forest 1>2 

Norway, lake south of 210 

manulactun and use of peat colce In 304 

Pine Iga, IM, 317, 318, 331. 333, 234, 336, 337, 333. 334. 236. 345. 347- 

251, 253, 3G7, 263, 2««. 283 

Muphar. water lilj 132,137 

Nurserymen, peal packing material for 300 

Nymphaea advena 130, 132. 133. 130, 283 

O. 

Oakluid county, lakes of 138 

sedge mats around 153 

peat beds In 336 

White Cedar, on jjeat deposlls or 123 

Occurrence of peat 108 

Ogdensbujg. N. Y., peat gas plant projected at 307 

Oil from lar. peal coke 303 

Onoclea senalbllla 141, 219. 383 

Ontario, manufacture and use of peat briquettes In 313 

Ontonagon county, swamp areas In 277 

Open mold eyslem, brIquetlLng peat 364 

Ophioglossum vuigatum 1*1 

Organic acids, present In muck land 291 

Original Tegetalion. map. Plate XVII 101 

Orlando. Fla.. peat plant opersllng at 391 

Ortonvllle. slope bogs near 120 

OsnUDda cbmamomea 143,283 

S^ Cinnamon Fem. 

See King Fem. 
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Oatrya. ^IrsiiilcB, tee Iroawood. 

Qzalil BtiioU 28fi 

"Ox-bow" bulns 117 

Oxtoid, peat section near 186 

Oxycocciu niacrocuiiiu 146, U7, 149, 282 

Bee Lart« Cranb«ir7. 

Oxycoccufl 144-148,282 

Bee Small dacberry. 



Packing material, use at p«at Utter tor 300 

Pelo Corydalls 2M, 3SS 

laurel 148, 1»4, 1B0. 300. 21T. 232, 323, 33«, 236-228, 332, 23fi, 

236, 338, 330, 241, 242, 24T-2S0, 256-256, 283 

Panlded Corael 142 

PaalculKla Americana, see Tall Hanno-cran. 

flultans 129, 282 

See FloattDt Hanna-Eiaii. 

nerratft 148, 282 

See Nerved Uanna-paM. 
Fankum 25B, 28ft 

Paper pulp, peat 280,807 

FaratBn, from peat coke 103 

Park Lake, peat tormatlon at S36 

Panndee, C. W.. pMt inTCMIgatlODs of ITT, 326, 32S, 334 

Faraons, A. L.. reference 377 

PastdKuud, peat fiber used in 108 

PaviiiB blocks from peat 310 

Pearly EverUallng 287 

Peat, acre at. tons o( fuel Id 277,318 

Agitoiltural uses of 280 

lands, area In Hlcblgan 289 

as a fertlllzBr 293-295 

as fuel 311 

aa stock food 297 

beds, location and extent In Ulchlfan 326 

bof at Nathan 198 

bog. PUte XXIX 101 

bou, BBricullural poadblUtles of 279 

derelopmenl and charact^ of 183 

formation, charactei, dlstribatlon ot IB1, 183 

Huron Hounlalna 260 

burled. Lake Superior shore 243 

near Haiquette 2G2 

carrying from bag to factory 358 

coke 278, S99-30S, 340-342 

compared wllh other fuels 333 

eompodtlon of 327 

cut, machinery for making 344 

cutter. Fig. 10 101 

definition of 107 

deodorlier and disinfectant 267. 298 

depoEdt, Bender's camp, Plate XXVIII 101.264 

surface plants In rdatlon to 166. 187 

deposits, area and depth, necesdty of determining ' 31S 



,1 value of 318 

depih, degree of decomposition, extrat 183, 187 

relation of to plants on the surface 128 



destructive dlsllllallon of : 299 

dishifectant. farm use of 296,297 

distribution and abundance of 276 

dye 310 

electrical energy from 280. 3) ' 



8U INDBZ. 

Pe»t, t>ctori«9, Hlchlgao 350 

tutorr, plain and Mctlon, FI(. ao 101 

tonnsllOO Ill, 130, 134,2S3, 2fla, 274 

ecolacr o[, etc 105. 351 

near UantMlque 2M 

species of plants Important In 274 

fuel, beating powsr of 332. 334 

machinery for prepuatlon of 843 

Plato XXX 101 

ga» 280. 30S-307 

Keographk*] dlitributlon of 110 

Utter, fwtilliet for agricultunl crop* 208 

Feat Utter, machinery lot prQiuaUon of 343, 3S7 

methods o( work on ..,,.,.,. 1B7 

miscellaneous uses of 2S» 

"Peat momw" 1G9 

Peat mull 357 

muskeg. James Bay Ill 



paper pulp from 

physical condltloi) of, factora d 

pluit, estimate of cost of 353 

prospects. Michigan 3S» 

relation of to bottom 323 

to water plants and sedge 16S 

samplers. Fig. IS 101 

succession of plants upon mat 158 

tests - - 338 

; use In hoapltala ; . . . 3»8 

■ water content of 161. 33«, 338 

woren fabrics from 308 

Fdtandra Vlrglnlca 13B, 1*1 

Pembina, beaver danu 188 

Pennington, L. H,. reterence 1" 

Pennsj-lvanla Sedge 25S, 384 

Percy. John, Mannhardt and Koch pres* 347 

Pere Marquette R. R.. bogs along 16* 

Penr. heath swamps, peat deposits near , 12* 

Peahekeme riTcr, cBmbing bogs near ■ 284 

swamps near 263 

Pettee. E. E., reference. 1" 

Peitlt. R, H., beaver meadow 101 

Pennsylyanla, peat bogs In 110 

Pbenolates, from peat coke 303 

Philadelphia Rea-bane 219. 283 

Phleum piatenHB. see Timothy. 

Phrarnlles phragmltee 126, 132, 282 

See Toll Reed-giaes. 

Phydcal condition of peat. lactorB conlrolUng 31» 

tealures, Michigan U* 

Plcea brei-lfolla 1*2. 1*8. 14». 28* 

Bee Black 8pnice. 
Canadensis, see White Spruce. ■ 

Mariana, see Spruce and Black Spruce, 

FIckerel-Weed 130. 138. 1B6, 283 

Pigweed -• 288 

Plelera, A. J., reference 129. 1" 

Pilgrim Paper Co., peal paper 308 

Pin Cherry '8«. !»'■ 38= 

See Wild Red Cherry. 

pjne 190. 247. 252, 255. 261. 26S 

'■island" Ijke Antolne, Plate XXIII 101, 220 



river, dan, h Ot) tPR 

avtamp area near U19 
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MiobuB, Me White Pine. 

Pitcher pUnt 

Plant growth. CTcle-ot 

BOdetles 

in relMlon to loll and topograph; , . 

tissues, breaking up of 

Plants, distribution of 

general distribution, oorthem lUchlgim 

occurrence, range and dlstribuUon of 

peat lomutlon 

predpltatlon ot mineral maltsr b;, in peat 322 

relation of to peal depoella 

Bucceaalon of upon peat ttta grounding of sedge mi 
iuTtace, no Indication of cbaractei ot peat deposll... 
Poa compresBB, see Wire grass. 

Podostemon, water plant 

Poison Sumacli .' 

Poles, preservative for 303 

Polygala paudflora. see Fringed Polygala. 
Polygonum ConolTulus, see Biftck Bindweed. 
anemun. see Swamp Peisfcaria. 
Hartwrightil, see Bartwrfght's Ferslcara. 
hydroplper, see Common Smart-weed. 
Polyijodliun vulgar*, see CommoD Pols^iodr. 
Polrtrlchum 124, lU, 283 

See Hair-cap moss. 

Pood Uly lone 266 

Pond, R. H., reference 177 

water plant gronrth 132 

Ponaweed 129. 315. 2 IS, 220.234.226,234. 238,241,247, 248. 2S1, 2S6, 260. 2S3 

Pontederla cordata 130. 139. 283 

See PIckeid Weed. 

Poplars 147, 150, 156. 166. 189, 190. 192, 197. 216. S33, 234, 238. 352 

Fopulus balsamltera. see Balsam Poplar. 

tremuloldes H9, 150. 159, 281 

See Aspen. American Aspen. 

Porcupine Sedge 196, 216, 238. 284 

Portage Canal, section of buried peat near. Fig. IS 101 

Posts, tar from peat preservative for 303 

Potamogeton 129. 131-134. 137, 139. 208, 283 

See Pondweeds, 
Potamogeton nalans, see Common Floating Fondweed, 

Potato, amount of water required growing In peat 161 

PolentUla MonapellensiB 144,285 

Prairie Willow 236.245 

Fredpltalion of mineral mstter by plants 323 

In Michigan 112 

Preparation, coat of. peat fuel 342 

methods o( peat 339 

Fieservatlves of wood 303 

Freique Isle Parle, peat formation near 2G1 

Prened peal, machines for making 340 

Preralng peat, effect on heating power of 335 

Pressure, as means of extracting water from peat 337 

Prickly Bedge 142, 207. 225. 230, 242 

Production, coat ot 353 

Pioeerplnaca. water plant 128 

Fiospecllng methods, peat 315 

necessity of careful 277 

Prospects, peat, Michigan 359 
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Prunui Penaif iTuUca, «ee Wild Ked tni Fla Cherry. 

pumlla, aee Dwuf S»Bd CSieny. 

mrglslca, see Choke Qurrj. 

Ftntdiuma quiUnum 160,281 

Set Common Bnke. 
Purple-leaved WlUow-hetb 231, 267, 286 



Purpllih Ue>dow-Rue. .' 144, SIB, 283 

Punh'B Buttercup 214,283 

PyroUi ullginosa. Bee Bo| Whiteigreeh. 

Q. 
QuercuB cocdoea, «ee Scarlet Oak. 

maeiocaipa IM 

plataaoldea ISa 

rubra IH. 283 

8e«Ked Oak. 
QuUlwort J05, 286 



Ballioad tl<a. preBerratlvcs 

BaUroade. peat deposltB 

Rain wasb, OoodluK or bogs by 

Balalns of peat depodi 

BanuDculua 

Feuiuijlvanlcus, see Brhttly C 

PuTHhU, see Punh'B Buttercup. 

Raioumoffihya pustlla. see Small Hlslletoe. 

Reclomatloa ot beaver pond 264 

Hwainp land 2S3 

Bed Cadar 161 

ChenT {see Prunes) 180 

dover 267.285 

Uaple 142, 147, ISO. 166, 1«2, 108, Ml, 261. 302. 208, 283 

Oak ISO. 261. 283 

Oder DoEWOOd 142. 144. 199. 211, 212, 224, 283 

Bupbenr 206. 230. 284 

Top Grass 267. 380 

Bed-berried Hder 266.280 

Bedkino, peat coke made at 302,304 

Reed grasB, water plant 12», 186, 246 

Jteed, H. 8., relerence 177 

water plants 129 

Reindeer Lichen : 200, 212. 213, 230. 232, 2S8. 204. 297, 275 

Rennle, J., peat formation 12fi 

BeusB. Paul, hand machines, peat Utter 358 

RhamnuB alnlfolla, see Buckthorn 381 

BWiomea 1S7 

BhuB Vemli 142, 144. 147, 1S7 

Rlbes prostratum. see field Currant. 

Ries. chemical composition of peat 108 

H., peat depoallB of New Yiwk 110. 127. 137 



Blver-bsok Sedge 105, 211, 212, 218-220, 222, 238. 28* 

Rlver-Sooded lake 231 

Blverdale, Wblte Cedar, peat deposit 133 

Bock Elm 188,382 

Bock island, peat covered 264 

lake 151 

tarn, peat formation In 116. 133, .136 

Panic-gram 285 

tldge type, forest 189 

Buiface, peat beds on 219 

Bnckwell, F. C, coking peal 387 

BooSng paper made from peat 80> 
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INDEX. 387 

Boripa Amcitono. wnter plant 128 

pkliUlrU, *ee Yellow WftleT-CMM. 

Row Carolina 148, 144, 1S7 

Sosoommon count;, plants tn 102, 163, 194 

l*Jc«s, sedge mats 1S2 

BiAafDuiQ 187 

Eou^ ClnquBft* 144, 387, 885 

Bair-crasB 204 

Round-leaved Sundew 3M, 218. 222, 225, 22«. 230, 234, 204, 2S4 

Rows, W. A., refereace 292 

Rubus AmerlcanuB. see Lot Raspberrr. Dwarf RaapbeiTr. 
nlfrabaccua. see Tall Kackbtn?. 
Stilsotus 144. 147. 2S4 

See Bed Rwpbenr- 

Rugs made trran paat 308 

Rumcz acetoBolla, see Sheep Bond. 

Brittanlca 143,282 

Runkel I.ake, bog near 231 

Rush 2SS, 266, 284 

ABt« 140 

n»xBii«e, peftt depo«ii 121, 124 

Russell, I. C., acknowledgment!... 184 

pnt bog studies with 183 

teference.... 177 

surface geology 188 

RuBda, peat briquettes 330 

coke 341 

fuel 105,311 



Saginaw Bay, east side, ponds near 

Lake Bulrush 

peat bog studies 

County, marsh land In 

river, dam acrosa 

Baglttitriit, water plant 

latifolia, aee Broad-leaved Ano«-be«d. 

Sagola, L^es near 

St. Clali county, peat analyses 

river, delta 

St. Louis, moraine dam 



See Bebb's WIUow. 

Candida 

ludda. see Bhlnlag WtUotr. 

myrtUloldea 

Bee Myrtle-leaved WIUow. 

eerieea, »ee Silky Willow. 

Sails, mineral, muck land 

Sambucua pubens. see Red-beiried Elder. 
Sampler lor peat prospecting, bobt. Hunt A Co.., 

SampUng final, peat depodls 

other puri>oses than fuel 

San Joaquin, "tule" lands along the 

Sand b^w peat 

dunes, peat examination among 

ponds, Fig. 17 

Band-plain bogs 

Sand plains, peat examination on 
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les. peU examlnaUon unong Igg 

■oil W"t« 161 

Santbc countr. peat onaljnK* 330, 3Sl 

p««t boga aeo 

8aTr««»i]a 143, i«, mt 

purpurem 143, I«B, 2§3 

See Pttcher pUnt. 

SwtweU's Sedie 1«, aoa, 311, 384 

Siull 8le. Hade. p««t swampe wert of 279 

8>zlfTag& FemuylvkDlcs, aee ElwUDp SaxUnce. 

Saxony, compreiaed pe*t mule In , 347 

Scandlnavlii, p«at (uel Id 311 

Bcarlet Oak 180, IM. 207, 233. 2S3 

B<*eucbi6rl« 218, 235-237. 242. 287. 384 

piliullls 148. 146, 284 

Bchlmper, A. F. W., plaol geognph; 115 

reference 178 

xerophytea 100 

Bchllkeyaen, C, peat machinery of 312. 347 

Schonomeil diyer 3fi3 

SchToeter. C reference I7J 

Sdrpua Americana, Water plant ,■ ijg 

atrovlrens, see Dark-green Bulruab. 
cyperlniu, see Wool-graaa. 

lacuBtris. aee Lake Bulrush 130-133, 283 

mbtemilnalla, see Water Oub-mufa. 

Scotland, mountain bog*, formallon of .-, 12S 

peat boga lU 

Scott, B. W.. peat fonnatlon 127 

reference 178 

Scutellaria gaJericulata, nee Uarah BkuU-cap. 

Seared briquelles manufactured from peal 340 

Section of peat 201, 28S, 23S. 244. 262 

Sphagnum Uland. Veslaburg 18S 

peat 167 

Sedge 208, 216. 227, 238. 280. 234, 238, 243, 250. 262, 256-268, 271, 274. 275 

Sedge and Cat-tail »>ne 269 

bog neu-Ctaia Lake 233 

lilanris. near Hanlitlque 260 

marsh, Plate XX , . 101 

marshes and bogs, peat deposits 121. 134, 146, 203, 207. 220, 238, 245. 247, 261 

mat 197-140, 147, 162. 163, 168, 166, 206, 208, 211, 21S, 220, 221, 347, 271 

succession of plants upon peat after grounding of 1 58 

Bedge-Bweet Gale Zone.- .', . . 230 

Sedge, relation to ptat fonnallon 1S3 

Bedge mne 239, 370, 271, 376 

Seed plants In water 128 

succession of 133 

Seeds, birds transporting 266 

dispersal of 166 

Selwld and Lange, drying chambers lavented by 363 

Benaltive Fern Ml, 219, 283 

Seville township, Gratiot county, stony depoelM by moss 331 

Shade, growth of plants In 166 

Shading of plants 130 

Shaler, N, 8.. area of peat rormallon 110 

bog, section of. Fig. 2 101, 127 

climbing bog 130 

fllUng of lakes 137 

peal formallon 114, 126, 178, 313 

peal fuel 178 

Shallow depresslone, fonnatioD of peat in 131 

water, plants of 141 

Shannon river, peat bog on til 

Sheathed Cotton-grass 14S, 199-301, 214, 313. 22S. S38, 383. 341, 34S 
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mSBZ. 389 

P»ge 

Bheattdng papei trom peat 309 

Sheep Bond 214, 2«7, 2S4. 2se 

Sheet paper 308 

Sherier, W. H.. lererenee 178 

Shining Wlllowa 211,285 

Sbois mih In lakes, effect oa peat 322 

Showy Udi«a' SUppet 203, 210. ai2, 213, 283 

Shrub lone 14S. IM, 160. IBS 

. Shrub-Spbasnum mat 218, 221. 222. 242. 203, 272 

SHrubby dnqudoll lU. 212, 2S2 

8hrubB 167. 18S, 275 

Sibbaldlopds trldentata. we Tbree-uothed Ctnquetoll. i 

Silica u ImpuHty In peat 323 

BUidaui bottimu, peat tormttlon on 126 

BUfcy Gomel 213 

Willow 218.286 

Silver Lake, Yellow Pond LOy absent from 134 

ailver Sedge IW 

arter Lakes, tanil 118 

Skunk Cabba^ 143, 144 

Slane {Slayne) Plate XXIX 101. 34S 

Blwder CottOD-grass 207. 212, 236, 237. 242. 248. 283 

Nalaa 248. 283 

Rush 2ie. 287. 28* 

Sedge 141. lea, 107. 207, 210, 212, 217-220, 225. 224, 228. 220, 233. 234, 230. 

238, 242, 243, 246, 248, 240, 261. 202. 267, 263, 26S, 208. 271-273, 284 

Small BedBlraw 142. 216. 20S. 286 

Bishop's Cap 206. 207. 213. 230. 281 

Bur-reed 25S. 282 

Cranberry lee, 202, 203, 206. 207. 212. 217. 218. 222. 223. 226. 228. 

230. 232. 234-289. 241, 242, 267, 2Sg. 284, 282 

Goose-graas 206. 282 

Mistletoe 190.232. 283 

St. Joha's-wort 296 



amaUer Bladderwort .206. 281 

Smaller Bur-Marigold 231.282 

Smokelega characler oT peat luel 33& 



Sneeie-wced 21B. 2S4 

Soft-leaved Sedge 142, 202, 206, 212, 284 

Soft Maple 103 

Rush , 218.284 

Soil In relation to plant societies ., ISO 



Salanum Dulcamara.. 



serotlna. see Late Qoldea-rod. 
Sorbus Americana, see Mountain Ash and American Mountain Ash. 

Sourness, ol muck land 

South America, peal in 

South side of hllie. torestg on, in Huron Mountains 

Southern and Northern lakea. compariaan oC filling 

Peninsula, aquatic plants ol 



euryoarpum. water plant 120 

minimum, see Smaller Bur-reed. 

simplex anguati folium, see Submerged Bur-reed. 

Spatbyema foetlda 143, 144 

Bpedes. Important In peat formation 274 
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BphMpium 143-384 

MoUa, tomiMioD of In UUu Ifii 

bo( near Lkke AntobU 83t 

Muid. aectloa of IM, 936 

moat bogs m ISS. 16fl 

In relation lo [>«at fomuuloii 127, 1S4, 130, 1ST 

163 

lot 

Kine 164 

Sphftsnum-Cusandra lone 147, 14V 

flphagiium-0»»tiTi dnt- Andromedt lOBM 8S0 

Bphagaum-Be&tti Aoodallon 23S 

SphBcnum-Bhrub zone 226 

SpDie-niBh 243. 865, 271. 286 

Spfnuloee Fem 267 

fipiiua B&llclfoll&, see Ueadow Bweet. 

tomentoe* 164 

flpotted Conrbuw 282 

Touch-me-not 140, 148 

Sprins bog aeu Cunp Lake 230 

bog*. p«At 32L 



See also dlfferml specla. 

Spiuce bog K BskuD 232.233 

Bprui* Pine 261 

nrampa, peai deposit 121, 1 23 

Spruce- Bhiub-Sedge bog MM Lake Huy. PIftte XXVII 101 

Spmce-TsmaMck AsBOdation 250 

Spruce-Tammck-Spbagnum Association 203 

Spurred Gentian 212,282 

Stable and Barn-yard Utter 20S 

Stabler process, drying peat 353 

glachys Bspera. rae Hedge Nettle. 

Stager, deep lakea near 234 

Star-flower 206, 213, 284 

Slauber process, drying peat 353 

Stelronema cUlatum. we Fringed LooB Wtr Ue. 

. StemleSB Ladles' BUpper 147, 239, 283 

Block food, peat 2»7 

Strand-flora 243 

Blreams, flooding by, peat deposits Injured by 321 

peat ucamtnatlon of along 1S8 

fltnicture. peat d^toslts 88 

Stuart's lake 247 

Stutzke Brothers, peat presses 350 

Bubmerged Bur-reed 341,282 

Succenlon of plants after grounding of mat 158 

seed plants 133 

Sugar Maple 240 

Sulphate or Iron, peat 291 

Sulphur, peat 33S 

Summerfleld township, peat bogs 360 

Sundew 190 

Sunshine, Michigan 113 

Surface growth, peat, character of 820 

plants, peat deposit 166 

vegetation and peat 96 

classification of peat deposits 121 

Swamp area 119 

Blueberry 147. 148 

defined 109 

distribution, map of. Plates XV^ aod XTII 101 

Honeysuckle 169, 1»4. 195. 202. 212. 283 

Horsetail 142, 216, 265, 335 
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INDEX. 391 

P»«e 

Swamp Inland dune regian lie 

land, anas at 105 

redamalloa ot 392 

atf* In HIcblgan ebb 

LooseMrife 130, 130, 204-208, 270. 273, 283 

UUkwud 144, 211, 210, 283 

FenleulB 106, 220. 224. 283 

Kose 142, 144 

SazUiase 203. S0«, 213. 230. 2S4 

Thl«l« 21 1. 2S4 

Valerfan 203. 213, 2SB 

White Oak 156 

t^olet, e«e Hanh Violet. 

Wild HoM 157, 263 

Swamp^coDlIeT border 222 

Swampi, t7p«a of 262 

Swaoipr oreai, examination ot 1B8 

Sweden. panel>oard from [>e»t made In 308 

peat brlquettaa S3B 

drainage 320 

fuel 103 

■as 280.305 

land 110 

Sweet Fem 163. ISB. 107, 223. 227. 333, 237, 282 

Flag 224, 243. 284 

Gate isg, 195. ISO. 201. 202, 224. 227, 230. 331. 234, 243, 245. 

248. 351, 255. 357, 363-366. 360. 374, 2S4 

White Violet 202, 268, 288 

WUd Violet 285 

Sweet-scenied Water LUy 336.385 



Tall Blackberry 233. 238, 264, 281 

Collon-iraffl 143, 203, 207, 217, 218. 226, 233, 256, 282 

Green Orchis 207, 212. 283 

Leafy Green Orchis 141. 230, 283 

Manna-Kraaa 233. 282 

Reed GrasB 108, 282 

White Bog Orchis 228, 230. 283 

Tamarack 109. 130, 140-150. 156, ISO, 184-186. 109. 18S. 101-107. 100. 201. 264, 286. 284 

Tttmaracli- Alder association ; 245 

Tamariek- Black Spnico zone 236 

Tamarack- Sedge asBOdatlon 203 

Tamarack- ypmce-Cedai Bwamp 204. 212,215, 210. 223, 227. 238. 331 

Tamarack swamps 121. 122. 163 

Tannic acid. In muck land 291 

Tar covering, peat briquettes 339 

peat coke by-products 301, 303. 805 

Tarr. R. 8,. peat formation 127 

Temperature. Michigan 113.113 

Terrace bogs. peat... , 331 

Teste, peal 338 

Tetragopanthus deflexus. see Spurred Gentian. 

Texlure, peal deposlU 325 

Thallctrum purpurawens 144, 283 

See Purplish Meadon-Rue. 

ThanlBw, J. G.. water In peat 336 

Three Rivera, peat bogs near 380 

Three-leaved Sedge 384 

Solomon's Seal. .143, 200, 303. 210, 213. 314. 323, 338, 230, 332, 235, 239. 241, 248. 281 

Three-seeded Sedge 142, 150,200. 306, 214,232. 236, 241, 248, 258. 267 

Three-toothed Clnquetoll , 245, 282 

Throat diseases, peat fuel beneBcial tor 333 
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Thuja occIdenUIlB, see Arlxir VltM. Cedar. Wtdle Cedu. 

TUcs, pe«t paper 308 

Tllia Amerloui*. see Buswood. 

Till below peal 323 

Plalo lig 

Timber land. lorralr; 1S4 

Timothr 2S0 

Tisdues, plant, breaking up of 337 

Toblco Lake, barrlei (omiBd lake 117 

Tools (or prospecllng peat depoBlta 310 

Topography In relation to plant g0detl«9 IM 

plant dlitrlbutlon 188 

Torch Lake, barrier formed 117 

Touch-me-not 231, 288 

Towar, J. D.. swamp lands in Ulchlfan 178. 289. 203 

Trailing Arbutus 223. 227, 287, 2*6. 250, 251, 266, 268. 26«, 281 

Tranaeau, E. N., reference 178 

Transition type, mature bog societies 257 

Transportation, peat deposits ., 318 

Traskatls. 6., peat presses 350 

T>iadeuiD Virglnlanum 140. 284. 28« 

Bee Harsh St. Jobn's-nxHl. 
Tilentalls Americana, see Starflower. 
Trifollum pnaenee, see Red Claver. 
repens. see White Clover. 
Tilgtochln palustrls, see Marsh Arrow-grass. 

Trout l*ke Junction, beaver dams 169 

bogs 24V 

Junction, peat studies 180 

Tsuga Canadensis, see Hemlock. 

Tufted Loosestrife 206. 283 

Tule lands, California 110 

Tunnel type drying chambers, peat 353 

Turf-building type. Sedges 271 

TuscoU county. Daslphora frulicosa 162 

Gaylusaada resinosa 163 

marsh land. 108 

■■prairie" 124 

TuMOCk Sedge 195, 199. 205, 210. 218. 231. 234. 238, 271. 272, 284 

Twlg-rush 201 

Twin Fslls. bogs near 226 

Twinfiower 195,202, 206, 210, 212. 213, 227. 230. 230., 251. 285 

Two-storied White Pine and hardvood forest .'. . 192 

Type of filling 270 

Types of locality examined, peat 188 

swamps and bog a 262 

Typha, latlfolia 129 to US, 147, 148, 150. ISl, 152. 158. 168 

See Cattail. 



Ulmlc add. muck land 291 

ITIraua Americana 142, 147. 156. 282 

See While Elm. 
racemosa, see Rock Elm. 

UmbeUlferff 128 

Uniiollum Canadense 143. 150, 283 

Sfe Wild-Llly-of-the-VaUey. 

U. 8. Consular reporla IT» 

Depanmenl of Agriculture, Bureau of Soils 178 



Upper PeninBula, map of original vegetation. Plate XVII... 

Upright Yellow Wood Sorrel 

Utllizalion o[ peat on a large scale, reference , , 
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li, water plants 128, 129. 132, 133, 137 

corDuta. see Homed Bloddenrort. 

IntenDedla 126, 1*0. 281 

See na(-le*ved Bladderwort. 
minor, ace Smaller Bladderwort. 

purpurea, water plant 129 

TUlsarti 129. 132, 281 

Bee Greater Bladderwort. 



148, 182. 281 

See Canada Blueberry. 

corynibiHuni 133, I47-1M. 163 

nlgruiD. aee Low Black Blueberry. 

Pennsylvanlcum 148, 192, 281 

See Law Blueberry. 

Vagnera trtfoUa 143. 147, 284 

See Three-leaved Solomon'i Seal. 
Valeriana uliglnoia, >ee Bwarap Valerian. 

Valle; bog near Oranite Bluff 223 

Valley bon '... . 103 

bottom 189 

Value, commercial, peal depodtj 318 

Van Buren Peat Company 380 

Vaesar. moraine dam 117 

Vegetable matter, agents ol decanpodtlon lOfl 

chemical composition 105 

VegeUblo. peat packing tor 309 

Vegetallcm. character of 9fi 

original, map of. Plate XVII 101 

Verbena haetaM 144. 285 

See Blue Vervain. 

Veataburg. heath swamp, peat deposit 124 

Plate XIII, Peal lOl 

Spbagniun Island, section Iflfl 

Viburnum casslnoldes, see White-rod. 

Vtcksburg, Wolverine Peat Company 360 

Viola alsophUa 140, 141, 143 

Uanda, see Sweet Wild Violet. 
Labradorda, see Dog Violet, 
lanceolata. see r«nce-1eaved Violet. 
Le Conteana. see Marsh Violet. 
renlfolia, see Kidney-leaved Violet. 

Virginia CottOD-gNsg 148. 318. 222, 226. 233. 237. 341. 348. 249. 384. 282 

Chain-lem 147 

peat bogs 110 

Vulcan, bogs near 317 



WaldalelnlB Itagarloides. see Barren Slrawberry. 

Warrington, R., reference 161, 179 

Wash, shore, In lakes 322 

Washtenaw county, peal analyses 328 

AronlB arbuUfolla 183 

lakes, sedge mats 1S2 

■ 8pruce. peat deposit 123 

Water Arum 206 

aub-ru9h 199.282 

content 290. 336-338 

lily family 129 

Lobdia 265, 285 

perricaria 196 

plantain 129 

plants, lelallon lo peat 139. 152 



WaltT Sedge 196,284 

Bhleld 107. 237. 2«. 285 

BWrworl .,..-. 20S. 284 

Water-in llf oil lamilr 128,211 

WaterbUTj. L. E., alnk hole od Qruid TtodIc R. R 154 

peat analyses 333 

Wayne county, bemTer dluns 167 

Webster townaWp, sedge mat I3» 

■Weight of peat deposlls 324 

Weftzmann, K., maclilDery tor making condensed peat 346, 340 

Weld, L, G., reference 179 

Welluid county. Ontario, mam litter 208 

West Branch, swamp 109 

■Weiford county, Andromeda PolHoUa 104 

Illdodes mucronata 163 

laka. sedge mats 182 

While Cedar, peat depodt... 128 

Wheeler, W. H.. Lincolnshire peat formation 126 

reference ; 179 

White Ash 147. 224 

Beaked'RuA 199, 222. 22S, 237, 242, 264 

Birch ISO. 190, 192, 193. 190.318.252, 258. 201, 292,364,206, 281 

Cedat 122, 189. 193, 196. 206. 210. 212, 243, 247. 262-204, 281. 283 

See Cedar. 

Clover 267,285 

Elm 142. 160, 188, 189, 102, 190, 201. 283 

Pine 190-192, 19S, 202. 218. 221, 222, 224, 326, 237, 234, 241. 342, 247. 

249. 250, 257, 261. 262, 264. 366. 283 

forest near Koss, Plate XVIII lOI 

Type 198 

Pond Uly 130. 183. 195, 197, 320. 225, 234, 237, 248, 283 

Spruce 188-102. 201, 284 

WIthe-TOd 247-260. 250-258. 286 

Whliewaier, Wisconsin, seared briquettes made 340 

Whltford, H. N., flora succession of 159 

on nnunp societies I2S 

on zerophytes 160 

reference 179 

Wbltmore Lake 110, 122. 133, 136. 14S. ISI 

WIgan cannel coal, gas 306 

WUd Cilia Uly 200. 313. 210, 220, 230. 241. 251, 203 

Llly-of-Ihe- Valley 206, 207. 213, 250. 267. 283 

UInt 219, 234, 283 

Oat-grass 268. 267, 285 

Potato 143 

Red Cherry 107, 214. 268. 282, 286 

Raspberry 144 

SaisapaiiUa 150, 200, 207 

Strawl)erry 267 

Willow 147, 150, 159, 104, 166,168. 195,197,310,211,313,216,316,218-220,224.233.243 

swamp, peat deposit 121, 123 

Winchdl, A., climate of Michigan 113 

Wind, peat formation, effect on 172 

Winged Cudweed 267 

Winona mine, bogs and lake near .240. 241 

Wlnterbeny 147. 224, 248. 250. 266. 285 

WIntergieen 212, 213. 223. 227. 33B. 246, 260. 251. 258, 206. 285 

Wire-grase _ 266.286 

Wlflcondn, peal bog 110 

Wisconsin, sunshine 113 

Wlsner township, marsh land '. 109 

" Witches' brooms" 199, 232 

Wolverine Peal Company 360 

Wood alcohol, peat coke by-product 301.303 



Woodu fuel 

PKMTVMlVM Ot 

Wood-nuh 

WoodwardU VlTgtnIca 

Woody pUnU, Tamanek ume 

Wod-gTMi 218, 21B, 2S8. 236, 24S. 2 

WoveD tkbrici bom pMt 



Yellow Birch IM. 188-193. lee. 240-242. 261. 274, 281 

Pond LUr 130, 132-134. 140, 107, lOS. 107, lOt, 211, 213,218, 220, 221.224- 

290, 23»-3Se, 237, 238, 241, 243, 240-248, 281, 26A. SS3 

Sedse ■ 212. 284 

WMncreW 210. 205. 286, 286 

Yprtl»nii, HuroQ river "cut otl" M 118 



Zle^n. p«at coke 

ZlEUilK aquatlo. wMer ptuil 

Zichcemer proc«ea, peat pai>eT 

Zwlngenberger. O., Elegler pest Dake... 
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